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 Land
Use/Water
Quality
Relationships
in
the
U.S.
Great
Lakes
Basin
Task
A:
To
assess
problems,
management
of
programs
and
research...
PREFACE
The
Great
Lakes
Water
Quality
Agreement,
with
Annexes
and
Texts
and
Terms
of
Reference
Between
the
United
States
of
America
and
Canada,
signed
at
Ottawa
on
April
15,
1972,
included
a
reference
to
study
pollution
in
the
Great
Lakes
System
from
agricultural,
forestry,
and
other
land
use
activities.
The
reference
asked
that
the
study
assess
whether
the
boundary
waters
of
the
Great
Lakes
System
were
being
polluted
by
land
drainage
and
if
so,
what
remedial
measures
would
provide
improvements
in
controlling
pollutants
from
land
usage.
The
need
for
better
definition
of
the
impact
of
land
use
activities,
practices,
and
programs
on
water
quality
in
the
Great
Lakes
area
had
become
increasingly
magnified.
Through
the
Agreement,
both
the
United
States
and
Canadian
governments
requested
the
International
Joint
Commission
to
investigate
land
use
activity
impacts
upon
the
Great
Lakes.
Accordingly,
the
International
Reference
Group
on
Great
Lakes
Pollution
From
Land
Use
Activities
was
established
in
February,
1973,
and
produced
a
detailed
study
plan
(February,
1974)
outlining
an
intensive
study,
scheduled
for
completion
by
1977.
Detailed
Study
Plan,
February,
1974
The
study
plan
emphasizes
four
main
tasks:
Task
A:
To
assess
problems,
management
of
programs
and
research
and
to
attempt
to
set
priorities
in
relation
to
the
best
information
now
available
on
the
effects
of
land
use
activities
on
water
quality
in
boundary
waters
of
the
Great Lakes.
Task
B:
Inventory
of
land
use
and
land
use
practices,
with
emphasis
on
certain
trends
and
projections
to
1980
and,
if
possible,
to
2020.
Task
C:
Intensive
studies
of
a
small
number
of
representative
watersheds,
selected
and
conducted
to
permit
some
extrapolation
of
data
to
the
entire
Great
Lakes
basin
and
to
relate
contamination
to
water
quality,
which
may
be
found
at
river
mouths
on
the
Great
Lakes,
to
specific
land
uses
and
practices.
Task
D:
Diagnosis
of
degree
of
impairment
of
water
quality
in
the
Great
Lakes,
including
assessment
of
concentrations
of
contaminants
of
concern
in
sediment,
fish
and
other
aquatic
resources.
U. S. Task A Study Plan
 
In
order
that
subsequent
tasks
may
derive
full
benefit
of
past
and
present
programs
and
activities
pertinent
to
the
goals
of
the
Reference
Group,
it
was
felt
to
be
essential
to
assess
the
current
state-of—the
art
or
knowledge
about
land
drainage
and
to
inform
the
Reference
Group
of
current
developments.
The
objectives
of
Task
A
were
to
analyze
the
pollution
problem
and
potential
of
various
land
uses
and
to
document
the
practicality
of
alternative,
remedial,
or
control
measures.
  
  
In order to meet these objectives for the U. S. portion, studies were agreed
upon by Task A members to provide a state—of—the-art assessment for the
following categories:
Al: Residential areas
A2: Commercial and industrial areas
A3: Transportation
A4: Extractive areas
A5: Pesticides and herbicides
A6: Nutrients
A7: Erosion and sedimentation
A8: Animal wastes
A9: Intensive animal feedlots
A10: Forestry
All: Recreation land
A12: Undeveloped land
A13: Liquid waste disposal
A14: Solid waste disposal
A15: Land Fills (dredging activities)
A16: Deepwell disposal
A17: Management and control of land use/water quality problems
Selection of Principal Investigators
 
Limited amount of funding available from the U. S. Environmental
Protection Agency, lead agency for the U. 8. Task A effort, required some
support from other Federal agencies. The U. S. Department of Agriculture
cooperated by having the Soil Conservation Service support Category A7 -
Erosion and Sedimentation, and the Forest Service Category A 10 — Forestry.
For the other categories, the GLBC staff developed a listing of consulting
firms, Universities, and individuals knowledgeable and interested in the
various study areas. Requests for proposals at a limited fixed—price were
initiated and invitations sent out to all competent to deliver the professional
services. After submittal of proposals and professional capabilities, the
Task A Group selected the potential principal investigators and associates.
The Great Lakes Basin Commission, under contract with the U. S. Environ—
mental Protection Agency, negotiated subcontracts with the organizations
and principal investigators. The last category, A17 - Management and con-
trol of land use/water qualityproblems with focus on the Great Lakes
States programs, was developed by the Great Lakes Basin Commission
staff.
U. S. Task A Study Participants
The lead agency for Task A on the U. S. portion has been the U. S.
Environmental Protection Agency with the participation of the Great Lakes
Basin Commission, and the U. S. Department of Agriculture's Soil Con—
servation Service and Forest Service. The Great Lakes Basin Commission
acted as the main contractor for fﬁteen of the categories, while the
Department of Agriculture contributed two categories to the U. S. effort.
ii
 U.S.
members
of
the
Land
Use
Activities
Reference
Task
A
Group
included:
Dr.
Richard
R.
Parizek,
Pennsylvania
State
University
Mr.
James
P.
Dooley,
Michigan
Department
of
Natural
Resources
Mr.
John
Pegors,
Minnesota
Pollution
Control
Agency
Mr.
Eugene A.
Jarecki,
GLBC
Technical
Representative
Mr.
Fred O.
Sullivan,
U.S.
EPA Project
Officer
The
principal
investigators
of
the
U.S.
Task
A
technical
papers
were:
Task
Al-AZ:
Dr.
John
E.
Schenk,
Environmental
Control
Technology
Corporation, Ann Arbor, Michigan
Task
A3:
Dr.
Robert
C.
Stiefel,
Ohio
State
University,
Columbus, Ohio
Task A4:
Dr.
Robert
L.
Bates,
Ohio State
University,
Columbus, Ohio
Task A5:
Dr.
Gordon Chesters,
University
of Wisconsin,
Madison, Wisconsin
Task
A6:
Dr.
D.E.
Armstrong,
University of Wisconsin,
Madison, Wisconsin
Task A7:
Mr. William Mildner,
USDA,
Soil Conservation
Service, Hyattsville, Maryland
Task A8—A9:
Dr.
Raymond C.
Loehr,
Cornell University,
Ithaca New York
Task A10:
Mr.
Robert
Lindahl,
USDA,
Forest Service,
St. Paul, Minnesota
Task All:
Dr.
John
Harkin,
University of Wisconsin,
Madison, Wisconsin
Task A12:
Dr.
Charles
E.
Herdenorf,
Ohio
State
University,
Columbus, Ohio
Task A13:
Dr. Robert H. Miller, Ohio State University,
Columbus, Ohio
Task A14:
Dr.
Charles
A. Moore,
Ohio
State University,
Columbus, Ohio
Task A15:
Dr. Charles A. Moore, Ohio State University,
Columbus, Ohio
Task A16:
Dr.
Wayne A.
Pettyjohn,
Ohio
State University,
Columbus, Ohio
Task A17:
Mr. Robert W. Reed, Great Lakes Basin Commission,
Ann Arbor, Michigan
Assistance in development and review of various phases of Task A is
acknowledged
by Mr.
Merle
Tellekson,
Mr.
Gene Pinkstaff,
and Mr.
John
McGuire
from
the U.S.
Environmental
Protection Agency,
Region V, Mr.
Gerald
B. Welsh, USDA-Soil Conservation Service, and Mr. Robert W. Reed of the
Great Lakes
Basin
Commission staff.
The Canadians
who were
particularly
helpful
include Mr.
Kim Shikaze,
Environment
Canada,
Ottawa,
and Mr.
Martin
G.
Wood
from
the Ontario Ministry
of
the Environment,
Toronto.
Considerable
assistance was also
provided
by Mr.
Pat
Chamut
of
the International Joint
Commission
Regional
Office
in
Windsor,
Ontario.
Each report has been reviewed by the Task A Group and its comments
considered before
approval
for
final
report
development
and
submittal
to the
U.S. Environmental Protection Agency for meeting contractual terms.
Some
iii
  
 reports were reviewed by the International Reference Group on Great Lakes
Pollution From Land Use Activities. These reports form the U. S. con—
tribution to the Task A effort. The findings and conclusions of each
report reflect the principal investigators' findings and do not necessarily
ref
lec
t t
he
opi
nio
ns
or
pos
iti
ons
of
thei
r r
esp
ect
ive
agen
cies
, t
hose
of
the Reference Group, or those of the U.S. Environmental Protection Agency.
NOTE: A joint summary report of the Canadian and United States Task A
efforts presenting the findings is being prepared.
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Section 1
SUMMARY
1.1 Introduction
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 and magnifies the shock loading on receiving streams. In
addition, the "people—generated" pollution in these areas
will often contain substances not normally released in nature.
The frequent transport of storm drainage and municipal waste
in the same conduit also allows for the discharge of highly
pollutional raw wastewater during periods of extreme runoff (4)
Those materials resulting from this urban and semi-urban land
usage which affect water quality may be separated into a
number of categories, as shown in Table I.
The degree to which pollution from urban drainage affects
the Great Lakes and their connecting waters is dependent upon
a number of factors. One of the chief factors is the location
of the urban activity in relation to the waters of the Great
Lakes. Drainage which enters a tributary to the Great Lakes
will be considerably modified during its residence in the
tributary. If the residence term prior to discharge to the
lakes themselves is sufficiently long, the bacterial pollution
and possibly the organic pollution (as measured by BOD) will
have been at least partially exerted. Similarly, the heavier
solids will tend to be deposited in the tributary and thus
removed from the water mass. The fertilizing elements,
nitrogen and phosphorus, will tend to remain in the water to
a considerable extent, but quite often as cellular material
of aquatic plants and animals, rather than being in the
dissolved form. Those materials which can be expected to
continue to exist relatively unchanged are the dissolved in-
organic materials and the smaller sized fraction of the
Suspended particles.
The largest effect of urbanization will obviously be
manifest in regions immediately adjacent to the Great Lakes
themselves. This includes the more densely populated regions
such as Chicago, Duluth, Milwaukee, Detroit, Toledo, Cleveland,
and Buffalo. Thus it can be anticipated that urban drainage
will significantly affect water quality in these areas. The
   
Category
Bacterial
Primary
Nutrients
Organic Substances
Inorganic Substances
Pesticides and
Herbicides
TABLE I
Pollution Inducing Materials
Specific Parameter*
Total Coliform
Fecal Coliform
Fecal Streptococcus
Pathogens
Nitrogen
Phosphorus
Biochemical Oxygen
Demand (BOD)
Chemical Oxygen Demand
(COD)
Total Organic Carbon
(TOC)
Total Suspended Solids
(TSS)
Total Dissolved Solids
(TDS) :
Chlorides
Carbonates
Sulfides
Heavy Metals
Possible Source
Humans
Land Animals
Birds
Fertilizers
Decomposition of
Organic Matter
Leaching from
Minerals
Humans andother
Animals
Leaves and Grass
Clippings
Oil and Grease
Erosion
Dust and Dirt
Earthen Channels
Leaching from
Minerals
Street Deicing
Industrial Refuse
Application within
Area
*The concentration ranges experienced in combined sewer over—
flows and urban stormwater runoff for these parameters are
shown in Table I-A.
 TABLE I-A
URBAN DRAINAGE CHARACTERISTICS<5>
Combined Sewer Urban
Parameter
Overflow
Stormwater
BOD5
(mg/1)
30
-
600
1
—
700
COD
(mg/1)
5
—
3,100
TSS
(mg/1)
20
—
1,700
2
-
11,300
TS
(mg/1)
150
—
2,300
450
-
14,600
Vol.
TS
(mg/1)
15
-
820
12
-
1,600
Settleable
Solids
(mg/l)
2
-
1,550
0.5
-
5,400
Organic
N
(mg/1)
1.5
-
33.1
0.1
—
16
Ammonia
N
(mg/1)
0.1
-
12.5
0.1
—
2.5
Soluble
PO4
(mg/1
0.1
—
6.2
0.1
—
10
Total
PO4
(mg/1)
0.1
125
Chlorides
(mg/1)
2
—
25,000
Oils
(mg/1)
0
-
110
Phenols
(mg/1)
0
-
0.2
Lead
(mg/1)
0
-
1.9
Total
Coliforms
(no./
4
7
8
100 m1)
2 x 10
- 9 x 10
200
-
1.46 x 10
Fecal
Coliforms
(no./
4
7
8
100 ml)
2 x
10
— 1.7 x
10
55
~
1.12
x
10
Fecal
Strep.
(no./100 m1)
2 x
104
- 2 x
106
200
—
1.2
x
106
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mpa
ct
of
the
se
area
s,
tak
en
in
the
agg
reg
ate
,
may
wel
l b
e s
ign
ifi
can
t,
esp
eci
all
y w
ith
res
pec
t t
o c
ons
erv
ati
ve
materials (chlorides, sulfides, heavy metals, etc.) and primary
nutrients.
1.2 Summary
Re
si
de
nt
ia
l
an
d
co
mm
er
ci
al
-i
nd
us
tr
ia
l
la
nd
us
ag
e
ha
s
ex
er
te
d
a
si
gn
if
ic
an
t
de
le
te
ri
ou
s
af
fe
ct
on
th
e
wa
te
r
qu
al
it
y
of
th
e
Gr
ea
t
La
ke
s.
Th
is
ha
s
be
en
id
en
ti
fi
ed
pr
im
ar
il
y
in
th
e
su
rf
ac
e
wat
er
qua
lit
y
in
the
vic
ini
ty
of
the
maj
or
pop
ula
tio
n
con
-
ce
nt
ra
ti
on
s.
Th
is
is
tr
ue
in
ce
rt
ai
n
wa
te
rs
of
th
e
Gr
ea
t
La
ke
s
th
em
se
lv
es
,
no
ta
bl
y
so
ut
he
rn
La
ke
Mi
ch
ig
an
,
th
e
De
tr
oi
t
Ri
ve
r,
La
ke
Er
ie
,
La
ke
On
ta
ri
o,
Gr
ee
n
Ba
y,
an
d
Sa
gi
na
w
Ba
y,
It
is
al
so
tr
ue
fo
r
a
la
rg
e
nu
mb
er
of
tr
ib
ut
ar
y
ri
ve
rs
,
su
ch
as
th
e
Fo
x
Ri
ve
r
in
Wi
sc
on
si
n;
th
e
Gr
an
d,
Ro
ug
e
an
d
Sa
gi
na
w
Ri
ve
rs
in
Mi
ch
ig
an
,
th
e
Ma
um
ee
an
d
Cu
ya
ho
ga
Ri
ve
rs
in
Oh
io
;
an
d
th
e
Buffalo River in New York.
Th
es
e
af
fe
ct
s
we
re
or
ig
in
al
ly
fe
lt
to
be
pr
im
ar
il
y
th
e
re
su
lt
of
po
in
t
so
ur
ce
di
sc
ha
rg
es
of
un
tr
ea
te
d
or
in
ad
eq
ua
te
ly
tr
ea
te
d
do
me
st
ic
an
d
in
du
st
ri
al
wa
st
ew
at
er
s.
In
th
e
la
te
19
40
's
th
e
in
fl
ue
nc
e
of
re
cu
rr
in
g
ov
er
fl
ow
s
of
co
mb
in
ed
sa
ni
ta
ry
—s
to
rm
se
we
rs
wa
s
al
so
sh
ow
n
to
be
on
e
of
th
e
pr
im
ar
y
fac
tor
s
in
wat
er
qua
lit
y
deg
rad
ati
on.
Dur
ing
the
las
t
dec
ade
th
e
mo
re
su
bt
le
ef
fe
ct
of
se
pa
ra
te
st
or
m
dr
ai
na
ge
fr
om
su
ch
types of land use areas has been studied.
It
is
no
t
po
ss
ib
le
at
th
e
pr
es
en
t
ti
me
to
pr
ov
id
e
a
ge
ne
-
ra
l
qu
an
ti
ta
ti
ve
ev
al
ua
ti
on
of
th
e
af
fe
ct
of
ur
ba
n
la
nd
dr
ai
n-
ag
e
al
on
e
on
wa
te
r
qu
al
it
y,
be
ca
us
e
fu
rt
he
r
ef
fo
rt
s
mu
st
be
ma
de
on
th
e
ab
at
em
en
t
of
po
in
t—
so
ur
ce
po
ll
ut
io
n
fr
om
mu
ni
ci
pa
l
wa
st
e
tr
ea
tm
en
t
pl
an
ts
an
d
in
du
st
ri
es
.
Th
es
e
ef
fl
ue
nt
s
te
nd
to
ma
sk
th
e
ef
fe
ct
s
of
la
nd
dr
ai
na
ge
,
pr
ev
en
ti
ng
th
e
qu
an
ti
ta
-
ti
ve
ev
al
ua
ti
on
of
su
ch
ef
fe
ct
s
al
on
e.
5
 As
adequate
treatment
is
applied
to
the
point
source
waste
discharges,
and
the
proportion
of
urban
land
usage
within
the
Great
Lakes
watershed
increases,
the
importance
of
land
drain-
age
sources
of
many
pollutants
will
be
magnified.
Studies
have
been,
and
are
continuing
to
be,
made
on
the
isolated
effects
of
urban
land
drainage
on
water
quality,
and
on
methods
to
minimize
any
deleterious
effects.
Present
studies
have
provided
indications
as
to
the
seriousness
of
these
drainage
problems
and
have
presented
possible
treatment
schemes
for
abating
pollution
from
such
sources.
Additional
efforts
should
be
made
to
further
define
the
impact
of
these
discharges,
particularly
in
the
Great
Lakes
area,
and
to
optimize
treatment
technology
with
respect
to
urban
drainage.
Comprehensive
studies
into
the
pollutional
effects
of
this
drainage
may
also
allow
for
the
identification
of
new
water
management
strategies
for
the
protection
of
the
Great
Lakes.
1.3 Recommendations
In
spite
of
the
relatively
large
amount
of
work
which
has
been
performed
in
the
area
of
urban
runoff
and
combined
sewer
overflows,
a
great
deal
of
information
needs
to
be
obtained
on
the
effect
of
residential,
commercial,
and
industrial
land
usage
on
water
quality.
This
is
particularly
true
in
the
Great
Lakes
Basin,
where
the
quality
of
the
water
is
of
such
critical
importance
to
the
health
and
economy
of
the
region,
and
yet
where
so
little
quantitative
information
is
available
on
what
a
f
f
e
c
t
l
a
n
d
u
s
a
g
e
h
a
s
o
n
t
h
i
s
w
a
t
e
r
q
u
a
l
i
t
y
.
The
first
priority
would
appear
to
be
the
delineation
of
land
usage
patterns
within
the
Great
Lakes
Basin.
Ideally,
this
would
be
performed
for
each
drainage
area
within
the
various
river
basins
which
serve
to
transport
water
to
the
Great
Lakes.
This
would
allow
for
the
verification
and/or
modification
of
newly
developed
relationships
and
analytical
techniques
described
later
for
the
conditions
found
within
the
Basin.
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-
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a .
P
e
r
f
o
r
m
i
n
g
s
u
c
h
a
n
a
n
a
l
y
s
i
s
o
n
t
h
i
s
b
a
s
i
n
,
h
o
w
e
v
e
r
w
o
u
l
d
n
o
t
b
e
p
r
a
c
t
i
c
a
b
l
e
w
i
t
h
r
e
s
p
e
c
t
t
o
b
o
t
h
t
i
m
e
a
v
a
i
l
a
b
l
e
a
n
d
e
c
o
n
o
m
i
c
l
i
m
i
t
a
t
i
o
n
s
.
A
l
o
g
i
c
a
l
c
o
m
p
r
o
m
i
s
e
w
o
u
l
d
b
e
t
o
p
e
r
f
o
r
m
s
u
c
h
d
e
t
a
i
l
e
d
a
n
a
l
y
s
i
s
o
n
s
e
l
e
c
t
e
d
d
r
a
i
n
a
g
e
a
r
e
a
s
t
h
r
o
u
g
h
o
u
t
t
h
e
b
a
s
i
n
a
n
d
t
h
e
n
d
e
v
e
l
o
p
t
h
e
t
e
c
h
n
o
l
o
g
i
c
a
l
t
o
o
l
s
f
o
r
d
e
l
i
n
e
a
t
i
n
g
l
a
n
d
u
s
a
g
e
—
w
a
t
e
r
q
u
a
l
i
t
y
r
e
l
a
t
i
o
n
s
h
i
p
s
f
o
r
t
h
i
s
g
e
o
g
r
a
p
h
i
c
a
l
a
r
e
a
.
T
h
i
s
w
o
u
l
d
t
h
e
n
a
l
l
o
w
f
o
r
p
r
o
j
e
c
t
i
o
n
s
o
f
w
a
t
e
r
q
u
a
l
i
t
y
r
e
l
a
t
i
o
n
s
h
i
p
s
o
n
t
h
e
b
a
s
i
s
o
f
l
a
n
d
u
s
a
g
e
d
e
f
i
n
e
d
f
o
r
l
a
r
g
e
r
ar
ea
s,
p
r
e
f
e
r
a
b
l
y
m
a
j
o
r
r
i
ve
r
ba
si
ns
.
I
n
a
d
d
i
t
i
o
n
t
o
t
h
e
d
e
l
i
n
e
a
t
i
o
n
o
f
l
a
n
d
u
s
a
g
e
p
a
t
t
e
r
n
s
i
n
t
h
e
B
a
s
i
n
,
f
u
r
t
h
e
r
e
m
p
h
a
s
i
s
m
u
s
t
b
e
p
l
a
c
e
d
o
n
o
b
t
a
i
n
i
n
g
w
a
t
e
r
q
u
a
l
i
t
y
d
a
t
a
,
p
a
r
t
i
c
u
l
a
r
l
y
w
i
t
h
r
e
s
p
e
c
t
t
o
q
u
a
l
i
t
y
m
o
d
i
f
i
c
a
t
i
o
n
d
u
e
t
o
d
r
a
i
n
a
g
e
r
e
s
u
l
t
i
n
g
f
r
o
m
s
t
o
r
m
e
v
e
n
t
s
.
S
u
c
h
i
n
f
o
r
m
a
t
i
o
n
i
s
n
e
c
e
s
s
a
r
y
f
o
r
t
h
e
d
e
v
e
l
o
p
m
e
n
t
o
f
r
u
n
o
f
f
-
w
a
t
e
r
q
u
a
l
i
t
y
r
e
l
a
-
t
i
o
n
s
h
i
p
s
f
o
r
t
h
i
s
a
r
e
a
,
a
n
d
is
c
u
r
r
e
n
t
l
y
n
o
n
e
x
i
s
t
e
n
t
e
x
c
e
p
t
f
o
r
a
r
e
l
a
t
i
v
e
l
y
s
m
a
l
l
a
m
o
u
n
t
p
e
r
t
a
i
n
i
n
g
t
o
c
o
m
b
i
n
e
d
s
e
w
e
r
o
v
e
r
f
l
o
w
s
.
A
c
o
m
p
r
e
h
e
n
s
i
v
e
p
r
o
g
r
a
m
to
o
b
t
a
i
n
s
u
c
h
d
a
t
a
s
h
o
u
l
d
b
e
f
o
r
m
u
l
a
t
e
d
i
n
s
u
c
h
a
w
a
y
t
h
a
t
f
u
n
c
t
i
o
n
s
c
a
n
b
e
g
e
n
e
r
a
t
e
d
f
o
r
s
p
e
c
i
f
i
c
t
y
p
e
s
o
f
l
a
n
d
u
s
a
g
e
,
v
a
r
i
o
u
s
t
o
p
o
g
r
a
p
h
i
c
f
e
a
t
u
r
e
s
,
a
n
d
d
i
f
f
e
r
e
n
t
d
e
n
s
i
t
i
e
s
o
f
a
c
t
i
v
i
t
i
e
s
.
S
i
n
c
e
t
h
e
p
r
e
v
i
o
u
s
l
y
p
e
r
f
o
r
m
e
d
s
t
u
d
i
e
s
h
a
v
e
c
l
e
a
r
l
y
s
h
o
w
n
t
h
a
t
u
r
b
a
n
l
a
n
d
u
s
a
g
e
h
a
s
a
s
i
g
n
i
f
i
c
a
n
t
d
e
l
e
t
e
r
i
o
u
s
a
f
f
e
c
t
o
n
w
a
t
e
r
q
u
a
l
i
t
y
,
a
t
h
i
r
d
a
r
e
a
o
f
r
e
s
e
a
r
c
h
i
n
t
e
r
e
s
t
i
s
m
e
t
h
o
d
s
o
f
m
i
n
i
m
i
z
i
n
g
t
h
e
p
o
l
l
u
t
i
o
n
a
l
e
f
f
e
c
t
o
f
s
u
c
h
r
u
n
o
f
f
t
h
r
o
u
g
h
m
o
r
e
e
f
f
e
c
t
i
v
e
c
o
n
t
r
o
l
a
n
d
/
o
r
t
r
e
a
t
m
e
n
t
.
T
h
i
s
e
f
f
o
r
t
w
o
u
l
d
i
n
c
l
u
d
e
n
o
t
o
n
l
y
t
h
e
v
a
r
i
o
u
s
t
e
c
h
n
i
q
u
e
s
w
h
i
c
h
m
i
g
h
t
b
e
a
p
p
l
i
c
a
b
l
e
,
b
u
t
a
l
s
o
t
h
e
c
o
s
t
-
b
e
n
e
f
i
t
r
e
l
a
t
i
o
n
s
h
i
p
s
w
h
i
c
h
e
x
i
s
t
f
o
r
t
h
e
s
e
v
a
r
i
o
u
s
t
e
c
h
n
i
q
u
e
s
.
P
a
r
t
i
c
u
l
a
r
e
m
p
h
a
s
i
s
s
h
o
u
l
d
b
e
p
l
a
c
e
d
o
n
d
e
l
i
n
e
a
t
i
n
g
p
o
l
l
u
t
i
o
n
a
b
a
t
e
m
e
n
t
m
e
a
s
u
r
e
s
w
h
i
c
h
c
a
n
b
e
i
n
c
o
r
p
o
-
r
a
t
e
d
w
i
t
h
o
t
h
e
r
r
u
n
o
f
f
c
o
n
t
r
o
l
p
r
o
c
e
d
u
r
e
s
.
F
o
r
e
x
a
m
p
l
e
,
f
l
o
o
d
c
o
n
t
r
o
l
p
r
o
j
e
c
t
s
c
o
u
l
d
b
e
d
e
s
i
g
n
e
d
to
a
l
l
o
w
f
o
r
t
r
e
a
t
m
e
n
t
o
f
s
t
o
r
m
r
u
n
o
f
f
p
r
i
o
r
to
d
i
s
c
h
a
r
g
e
to
t
h
e
r
e
c
e
i
v
i
n
g
s
t
r
e
a
m
.
L
i
k
e
w
i
s
e
,
r
e
c
r
e
a
t
i
o
n
a
l
p
r
o
j
e
c
t
s
c
o
u
l
d
i
n
c
o
r
p
o
r
a
t
e
r
u
n
o
f
f
r
e
t
e
n
t
i
o
n
b
a
s
i
n
s
w
h
i
c
h
w
o
u
l
d
a
l
l
o
w
f
o
r
s
t
o
r
a
g
e
o
f
r
u
n
o
f
f
to
 allow
for
natural
purification
as
well
as
providing
a
recrea—
tional
and
aesthetic
advantage.
A
high
priority
should
also
be
placed
on
preventing
the
entrance
of
pollutants
into
the
storm
drain
system.
Examples
of
this
type
of
effort
would
be
the
development
and
utilization
of
more
effective
street
cleaning
and deicing techniques.
A
final
area
of
needed
investigation
is
a
delineation
of
legislative
and
institutional
arrangements
existing
or
needed
with
respect
to
pollution
resulting
from
urban
runoff.
Since
the
boundaries
of
governmental
units
do
not
in
general
coincide
with
drainage
basin
or
river
basin
boundaries,
the
most
cost
effective
means
for
reducing
the
effect
of
urban
runoff
on
water
quality
may
require
the
use
of
controls
which
apply
to
more
than
one
governmental
unit.
Existing
legislative
authority
for
accomplishing
such
projects
should
be
clearly
defined,
and
the
possibility
of
enhancing
the
potential
for
such
interagency
cooperation
should
be
investigated
and
instituted
where
possible.
  
 Section 2
SUPPORTING MATERIAL
2.1 Introduction
The affect of urban land usage on water quality is a com-
bin
ati
on
of
eas
ily
obs
erve
d,
gros
s e
ffe
cts
(e.g
. h
igh
col
ifo
rm
concentrations due to combined sewer overflows) and more
subtle, relatively undefined effects (e g. increase air pollu-
tion, which is "washed out” by precipitation). The most signi—
ficant and wide spread effects are on the surface waters of the
Great Lakes and their tributaries, however the potential for
ground water contamination and eventual introduction to the
Great Lakes via this pathway exists. It is difficult to assess
the specific effects of this type of drainage, since they are
generally obscurred by the effects of the discharge of untreated
or inadequately treated municipal and industrial wastewaters.
During the past decade, however, studies on isolated units of
urban areas have provided indications of the possible consequences
of urban drainage alone on water quality,
2.2 Scope of Study
The basis of the present discussion was a thorough review
of the literature,concentrating primarily on the period since
1960. The various pertinent literature abstract, specifically
Water Resources Abstracts and Engineering Index were reviewed
for information sources. In addition, the annual indices of
various professional journals were surveyed for pertinent
information. The primary journal sources included the following:
Water Pollution Control Federation Journal
Environmental Engineering Division Journal, A.S.C.E.
Irrigation and Drainage Division Journal, A.S.C.E.
Water Resources Research
Water Resources Bulletin
Pollution Engineering
Water and Sewage Works
Ground Water
Water Well Journal
Public Works
The
primary
source
of
information,
however,
was
various
publications
of
the
U.
S.
Environmental
Protection
Agency
and
its forerunners.
lO
 
  
Section 3
PREVIOUS STUDIES
3.
1
Po
ll
ut
io
n
Tr
an
sp
or
t
in
Ur
ba
n
Ar
ea
s
Th
e
po
ll
ut
io
na
l
ch
ar
ac
te
ri
st
ic
s
of
la
nd
dr
ai
na
ge
wi
ll
be
de
pe
nd
en
t
to
a
gr
ea
t
de
gr
ee
on
th
e
me
an
s
of
tr
an
sp
or
t
fr
om
th
e
po
in
t
of
in
ci
de
nc
e
to
th
e
re
ce
iv
in
g
wa
te
r.
It
mu
st
be
re
co
g—
ni
ze
d
th
at
th
e
pr
ec
ip
it
at
io
n
it
se
lf
ma
y
be
co
me
so
me
wh
at
po
ll
ut
ed
as
it
fa
ll
s
to
th
e
ea
rt
h,
du
e
to
co
nt
ac
t
be
tw
ee
n
th
e
pr
ec
ip
it
at
io
n
an
d
ai
r
bo
rn
e
po
ll
ut
an
ts
.
Th
is
wi
ll
be
es
pe
ci
al
ly
tr
ue
in
ar
ea
s
of
he
av
y
in
du
st
ri
al
ac
ti
vi
ty
.
We
ib
el
,
gt
al
l,
pr
es
en
te
d
da
ta
on
po
ll
ut
an
t
co
nc
en
tr
at
io
ns
in
ra
in
fa
ll
in
bo
th
ur
ba
n
an
d
ru
ra
l
lo
ca
ti
on
s
of
Oh
io
.
Th
e
av
er
ag
e
co
nc
en
tr
at
io
ns
of
se
le
ct
ed
co
ns
ti
tu
en
ts
fo
r
a
nu
mb
er
of
st
or
m
ev
en
ts
is
sh
ow
n
in
Ta
bl
e
II
.
Table II
Co
ns
ti
tu
en
t
gr
ba
n
Bu
rg
l
Su
sp
en
de
d
So
li
ds
(m
g/
1)
13
11
.7
CO
D
(m
g/
1)
16
9.
0
Ni
tr
og
en
(m
g/
l
as
N)
1.
27
1.
17
Or
ga
ni
c
Ni
tr
og
en
(m
g/
l
as
N)
0.
58
0.
31
In
or
ga
ni
c
Ni
tr
og
en
(N
03
,
N0
2,
an
d
NH
3)
0.
69
0.
86
Hy
dr
ol
yz
ab
le
Ph
os
ph
at
e
(m
g/
1
as
P0
4)
0.
24
0.
08
Or
ga
ni
c
Ch
lo
ri
ne
(p
g/
1)
0.
28
0.
22
It
can
be
see
n
fro
m
the
se
res
ult
s
tha
t
a s
ome
wha
t
hig
her
con
—
ta
mi
na
ti
on
ca
n
be
ex
pe
ct
ed
to
oc
cu
r
in
ur
ba
ni
ze
d
ar
ea
s.
Fu
rt
he
r
ev
id
en
ce
of
nu
tr
ie
nt
in
pu
t
re
su
lt
in
g
fr
om
pr
ec
ip
it
at
io
n
wa
s
ci
te
d
by
Au
le
nb
ac
h
an
d
Cl
es
ce
ri
z.
St
ud
ie
s
wh
ic
h
th
ey
di
sc
us
se
d
in
di
ca
te
d
ni
tr
og
en
co
nc
en
tr
at
io
ns
in
ra
in
wa
te
r
ra
ng
in
g
fr
om
0.
1
to
2
mg
/l
an
d
ph
os
ph
or
us
co
nc
en
tr
at
io
n
as
hi
gh
as
10
ug
/l
.
Al
th
ou
gh
no
di
re
ct
id
en
ti
fi
ca
ti
on
of
th
e
so
ur
ce
of
th
es
e
ma
te
ri
al
s
wa
s
ma
de
,
it
is
we
ll
kn
ow
n
th
at
11
oxide of nitrogen are contributed by most combustion processes,
and should thus be more significant in urban areas due to
increased levels of heating and automative exhausts. It‘must
be emphasized that this pollution resulting from the "scrubbing"
of atmospheric contaminants may occur at considerable distances
from the point at which the contaminants are originally
generated. Thus, although the generation of air pollution will
be higher in urban areas, the affect on water quality may be
exerted at considerable distances from these areas as a result
of transportation by wind action.
Drainage resulting from precipitation on urban land areas
will generally encounter a degree of overland flow prior to
entering a sewer or receiving water. Depending upon the types
of surfaces encountered (lawns, parking lots, streets and
gutters, etc.) this runoff can become contaminated by numerous
materials such as fertilizers applied to lawns, grease and oil
from parking areas, dust and dirt accumulations on roofs and
streets, fecal materials from birds and animals, pesticides
and herbicides applied to vegetation, salts applied for snow
removal, and possibly others. The degree of contamination is
dependant upcn several factors, such as land topography, dis-
tance of overland flow, antecedent rainfall, and land manage-
ment activities.
The majority of land drainage from residential and
commercial—industrial areas will be tranSported from its
location of generation to the receiving water by some type of
drainage system. This system may be of either a combined
storm and sanitary sewer system or a separate system of either
the open ditch or closed conduit form. In the former, the
sewer serves to carry the routinely generated sanitary and/or
industrial wastes to the treatment plant during periods of dry
weather, while during periods of wet weather, the storm drainage
is carried along with the normal dry weather flow. Since the
treatment plants are generally incapable of handling this greatly
increased flow during storm periods, overflow devices allow the
12
%  
 discharge of the mixed storm and sanitary wastewater directly
to
the receiving water.
Numerous
studies
have
identified
the
significant pollution problem stemming from the overflow of
combined
sewers4’
6’
7.
It was
soon
found
during
the
investi—
gation
of
overflow
problems,
however,
that
the
storm
drainage
emanating
from
separate
sewer
systems
was
itself
sufficiently
polluted
to
cause
deterioration
of
water
quality
in
receiving
bodiesl’ 3’ 8’ 9’ 10L
It
is
thus
evident
that
a
comprehensive
quantitative
evalu-
ation
of
the
affect
of
urban
drainage
on
water
quality
requires
a
thorough
evaluation
of
the
particular
region
of
concern
with
respect
to
transport
of
pollutants.
3.2
Affects
of
Land
Usage
on
Water
Quality
The
earliest
investigations
into
the
affects
of
residential
and
commercial—industrial
land
usage
on
water
quality
have
dealt
primarily
with
the
affect
of
urbanization
on
water
quality
de—
gradation
by
point
source
discharge
of
industrial
and
municipal
wastewaters.
In
the
lates
1940's,
the
problem
of
recurring
overflows
from
combined
sanitary-storm
sewers
became
a
concernl1
here
again
primarily
as
a
result
of
the
relatively
small
amount
of
municipal
waste
discharged
along
with
the
much
larger
volume
of
storm
drainage.
Little
definitive
investigations
were
per-
formed
in
this
area
until
the
early
part
of
the
last
decade.
In 1963, Palmer12
sewers,
indicating
that
the
quality
of
stormwater
flow
in
urban
discussed
the
feasibility
of
using
combined
areas
is
sufficiently
polluted
even
without
the
presence
of
sanitary
wastewater
to
cause
deleterious
effects
on
receiving
water
quality.
A
limited
amount
of
data
on
stormwater
drain-
age
alone,
obtained
from
catch
basins
in
the
city
of
Detroit,
showed
coliform
bacteria
counts
ranging
from
2,300
to
430,000
per
100
ml.
Based
on
these
data,
the
author
concluded
that
separation
of
the
sewer
system
would
not
significantly
lower
the
pollutional
effect
of
overflows
on
the
river
system
due
to
13
)
 the pollutional content of the stormwater drainage alone.
In 1964,
Weibel at al3 presented the results of a study
of a small separate sewer system in Cincinnati. The area
studied was primarily residential and commercial with a total
area
of
11 hectares
(27
acres)
of
which
approximately
37
per-
cent was impermeable
(pavements,
sidewalks, building surfaces,
etc.).
The results obtained by sampling over 60 percent of the
240
hours
of
recorded
runoff
from
July,
1962
through
September,
1963 are shown in Table III.
In
1966,
an update
of
the previous
study was
made1
which
presented projected comparisons between runoff from the study
area during storm periods and with raw sewage from the same
area.
It was projected that urban runoff would contain 24 times
the suspended solids load of raw sewage, 5.2 times the COD load,
1.1 times the BOD load, 0.7 times the phosphate load, and
2.0 times the total nitrogen load.
It is thus obvious that
this type of land usage can be detrimental to water quality
during periods of storm flow,
and must be considered in the
formulation of master plans
for water quality control.
The pollutional effects of both combined and separate
Sewer systems in southeastern Michigan were discussed in a
8’ 9’ 10. These studies were concerned with
series of articles
analysis of composite drainage from relatively large areas‘
1,540 hectares (3,800 acres) in Ann Arbor and 8,900 hectares
(22,000 acres) in Detroit-which contained diverse types of
urban land usage.
The Conner Creek combined sewer system was
comprised of 28 percent streets, 3.4 percent commercial and
institutional, 10.3 percent recreational and open space, 19
percent industrial, and 39.3 percent residential areas. The
Allen Creek separate storm drain in Ann Arbor was made up of
23.5 percent street, 15.7 percent commercial and industrial,
23.0 percent recreational and open space, 1.0 percent industrial,
and 36.8 percent residential areas. A synopsis of the large
amount of data gathered in this study is presented in Table 1V8.
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Table III
Co
ns
ti
tu
en
t
Co
nc
en
tr
at
io
ns
in
Ur
ba
n
Ru
no
ff
at
a
Ci
nc
in
na
ti
Sam
pli
ng
Poi
nt
Jul
y
196
2
thr
oug
h
Sep
tem
ber
196
3*3
 
Par
ame
ter
Ran
ge
Mea
n
Units
Turbidity 30 - 1,000 170
Col
or
10
—
380
81
pH 5.3 — 8.7 7.5
Par
ame
ter
Ran
e
Mea
n
mg/l
Alkalinity 10 - 210 59
Calcium (as CaCO3) 24 — 200 63
Magnesium (as CaCO3) 2 — 46 15
Total Hardness
(as CaCO3) 29 — 240 78
Chl
ori
de
3
—
35
12
Suspended Solids 5 - 1,200 210
Volatile Suspended Solids 1 - 290 53
COD 20 — 610 99
BOD 2 - 84 19
Nitrite (as N) 0.02 — 0.2 0.05
Nitrate (as N) 0.1 - 1.5 0.4
Amm
oni
a (
as
N)
0.1
-
1.9
0.6
Organic Nitrogen (as N) 0. — 4.8 1.7
Sol
ubl
e P
hos
pha
te
(as
PO4
)0.
07
~
4.3
0.8
*January and February not included.
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Table IV
Char
acte
rist
ics
of S
torm
and
Comb
ined
Sewe
r Ov
erfl
ows
Sepa
rate
Syst
em
Comb
ined
Syst
em
(All
en
Cre
ek
Dra
in-
Ann
Arb
or)
(Con
ner
Cre
ek—
Det
roi
t)
{Era
meEE
E
Rang
e
Mean
_*»R
ange
mean
Total Co
liform
(#/100 m
l) 26,50
0 17
,500,000
1,200,00
0 4
95,000
— 90,000
,000 9
,400,000
Fecal Co
liform
(#/100 m
1) 7,50
0
1,115,00
0
82,000
200,000
- 17,000
,000 2
,700,000
Fecal
Strep.
(#/100
m1)
13,800
730,0
00
140,0
00
295,0
00
— 1,
570,0
00
580,0
00
Ammonia -N (mg/
1 as N) 0.
27 — 0.
68 0.
48 0.00
— 11.52
3.25
Organic
-N (mg/1
as N)
0.00
—
0.52
0.36
0.08
—
1.09
0.37
Phenols
(mg/l)
0.001
0.011
0 011
—
0.125
0.027
Suspended Solids (mg/l) 900 — 2,062 1,280 23 - 1,398 150
Total Phosphates 1_6 9,5 2.9 1.8 — 25.0 9.0
   
I
l
1
6
 
 
  
In addition to the magnitudes of the concentrations observed,
it is important to note the fecal coliform to fecal strepto-
cocci ratio. Ratios greater than 2:1 are generally indica-
tive of domestic wastewater pollution, while ratios less than
1:1 indicate pollution primarily derived from warm-blooded
13
animals other than man The observed ratio in the combined
system was approximately 4.7, while in the separate system it
was 0.6.
Further investigations into bacterial pollution of land
drainage was performed by Beldreich, gt al, in 196813.
Signi«
ficant contributions of bacterial pollution
were traced to
warm-blooded animals other than man.
In the urban community,
such animals would likely be pets ~ particularly cats and dogs —
and a substantial rodent population.
One analysis of storm
drainage from a business district also contained 4,500
Salmonella organisms per 100 ml.
These results are particularly
significant with respect to the impact on bathing areas by
intermittent releases of storm drainage in the nearby vicinity.
Additional work was performed in the Cincinnati test area
discussed previously14 where data from eight storm events
resulted in BOD values of 4-220 mg/l, COD levels of 48-810 mg/l,
and suspended solids concentrations of 110—930 mg/l.
The study
indicated that 2 to 6 mg/l of chlorine applied for 20 minutes
effected a 99.99 percent kill of total coliforms,
fecal coli—
froms,
and fecal streptococci.
An aftergrowth of total coli—
forms was
seen to occur within 24 to 72 hours,
however,
there
was no significant aftergrowth of the other two species.
These
results indicate the importance of using fecal coliforms
rather
than total coliforms as a microbial indicator of pollution.
One of the more comprehensive investigations
into the influence
of residential
and
commercial-industrial
land usage
on water
quality was performed by the American Public Works Associationls.
This
project
involved
the
study
of
18
separate
areas
in Chicago
for the affect of street litter,
catch basins,
and air pollution.
17
 The BOD of street litter was found to exert 3 to 14 mg BOD per
gram of dry material with an average of 5 mg/l.
Catch basins
were
found
to
be a
source
of
shock
pollution,
since
the
liquid
in
them
tended
to
become
septic
between
storms,
and
BOD values
of
60
mg/l
for
this
material
was
common.
Street
litter
was
found
to create
a water
pollution
potential
when
it
comes
in
contact
with
runoff
waters.
The
amount
of
litter
deposited
from
various
sources
Were
determined
from
these
test
areas
to
vary
from
0.5
to
8 pounds
per
day per
100
feet
of
curb.
The
average
values
showed
4.7
pounds/day/lOO
feet
of
curb
for
commercial
areas,
3.5
pounds/day/lOO
feet
of
curb
for
multiple
family areas,
and
2.4 pounds/day/lOO
feet
of curb
for
single
family
residential
areas.
The most
significant
component
of
the
litter
with
respect
to
water
pollution
was
the
dust
and
dirt
fraction
(less
than
1/8
inch
diameter)
which
amounted
to
0.4
— 5.2
pounds/day/lOO
feet of
curb.
The
average pollution
contaminants
contained
in
this
fraction were
as
follows;
BOD 5 mg/g
COD 40 mg/g
Nitrogen 0.48 mg/g
Phosphates <0.05 mg/g
Total Bacteria >lO7/g
Coliforms >lO6/g
Fecal Enterococci 5400/g
The most determinable measure of the pollutional potential of
street litter was deemed to be the BOD of the soluble dust and
dirt fraction.
Comparing the results obtained in this study with
normal sanitary sewage, it was projected that the street litter
BOD would be equivalent to the raw sewage of five persons per
day per mile.
This is a pollution potential of one percent of
the raw sewage loading or five percent of the loading antici-
pated for the effluent of a secondary treatment facility.
Pro—
jecting this into a time frame normally associated with storm
events,
the
shock
loading
on
receiving waters
per mile
of
18
 
  
str
eet
cou
ld
be
160
per
cen
t
of
the
raw
sew
age
BOD
and
800
per
-
cen
t
of
the
sec
ond
ary
tre
atm
ent
eff
lue
nt
dur
ing
a
two
hou
r
run
off
per
iod
for
a 1
4 d
ay
acc
umu
lat
ion
of
mat
eri
al.
The
bas
ic
con
clu
sio
n o
f t
his
stu
dy
was
that
pro
per
urb
an
"ho
use
-ke
epi
ng”
,
including effective street cleaning operations, could signi-
ficantly reduce the affect of storm drainage on water quality.
Several other studies have been performed on widely
scattered communities throughout the country, including Bucyrus,
Ohio
, N
ew
Orl
ean
sl6
, T
ulsa
l7,
Atl
ant
alg
, W
ash
ing
ton
D.C
.19
,
Sacramentozo, and Durham, N.C.21.
Even though the majority
of these studies are concerned with communities remote from
the Great Lakes area, the information derived from them can be
applied, with proper modifications, to communities within the
Great Lakes Basin. Representative data for separate storm
sewers as determined from several of these studies are presented
in Table V.
Several recent studies have been concerned with specific
aspects of the pollutional character of urban drainage. Two
recent reports by the URS Research Company have been concerned
specifically with street surface contaminants. The first with
22 and the second with toxic
water pollution aspects in general
materials in particular23. It was determined in these studies
that street surface runoff is highly contaminated, contributing
considerably more pollution load than the sanitary sewage
system during the period of runoff. Other studies have been
concerned with the affects of street salting on water quality24
It was found that not only are high concentrations of salts
present in highway runoff, but special additives, such as
mer
cur
y,
may
pre
sen
t f
utu
re
pro
ble
ms
due
to
the
ir
seve
re
lat
ent
toxic properties.
It can easily be seen from the previously discussed studies
that the usage of land for residential, commercial, and in-
dustrial purposeswill tend to have a significant affect on
water quality. It is thus necessary to provide the proper
l9
 drainage management and control procedures to these areas to
minimize the deleterious effect of urban runoff on the receiving
 
waters.
Table V
Average Concentrations of Selected Parameters from Storm Sewer
Systems
Durham, N.C.21 Tulsa, Okla.17 Atlanta, GA18 Wash. DC19
BOD (mg/l) 14.5 11.8 18 19
COD (mg/1) 179 85.5 60 335
TSS (mg/1) — 367 — 1,697
Org—N (mg/1) — 0.85 - -
NH3-N (mg/l) ~ — — -
PO4 (mg/1) 0.6 1.15 0.8 1.3
Total Coliform
(#/100 ml) — 87,000 - 600,000
Fecal Coliform
(#/100 ml) 30,000 420 — 310,000
Fecal Strep
(#/100 ml) — 6,000 — 21,000
3.3 Effects of Urban Drainage On Water Quality of the Great Lakes
There has been very little investigation into the effects of
residential and/or commercial—industrial land usage on the water
quality of the Great Lakes. Those studies from which pertinent
information can be derived are primarily those which are con-
cerned with combined sewer overflows.
A study was performed on a 200 hectare (495 acre) site in
Milwaukee comprised primarily of one and two family residential
25. The area
dwellings with a small amount of commercial area
has approximately 42 percent impervious area representing a high
density situation. Fifty—five overflows were monitored over an
eighteen month period from May, 1969 through November, 1970.
 
Although flow rates were not measured, thereby preventing the
calculation of total pollutant load from this area, the con-
20
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Table VI
Qu
al
it
y
of
Co
mb
in
ed
Se
we
r
25
Ove
rfl
ow
-
Mil
wau
kee
,
Wis
con
sin
(19
69-
197
0)
 
Pa
ra
me
te
r
Co
nc
en
tr
at
io
n
(m
g/
l)
*
CO
D
16
1
i
19
ED
D
49
i
10
Tot
al
Sol
ids
378
i
46
Tot
al
Vol
ati
le
Sol
ids
185
i
23
Sus
pen
ded
Sol
ids
166
i
26
Vo
la
ti
le
Su
sp
en
de
d
So
li
ds
90
i
14
To
ta
l
Ni
tr
og
en
5.
5+
0.
8
pH
(Un
its
)
7.2
f
0.1
Co
li
fo
rm
De
ns
it
y(
pe
r
m1
)
(6
2.
5i
27
)
x
10
3
*9
5
pe
rc
en
t
co
nf
id
en
ce
le
ve
l
ra
ng
e
Of
equ
al
imp
ort
anc
e i
n t
his
stu
dy
was
the
ana
lys
is
of
the
fir
st
fl
us
h
ph
en
om
en
a,
wh
ic
h
wa
s
ob
se
rv
ed
on
12
ov
er
fl
ow
s.
Th
e
cha
rac
ter
iza
tio
n
of
the
was
te
dur
ing
the
se
eve
nts
is
pre
sen
ted
in Table VII,
Table VII
Qua
lit
y
of
Fir
st
Flu
sh
of
Com
bin
ed
Sew
er
Ove
rfl
ow
—
Milwaukee, Wisconsin (1969-1970)25
Par
ame
ter
Con
cen
tra
tio
n
(mg
/l)
*
CO
D
58
1
i
92
BO
D
18
6
i
40
Tot
al
Sol
ids
861
i
117
Tot
al
Vol
ati
le
Sol
ids
489
i
83
Sus
pen
ded
Sol
ids
522
t
150
Vo
la
ti
le
Su
sp
en
de
d
So
li
ds
30
8
t
83
Tot
al
Nit
rog
en
17.
6
i
3.1
Or
th
o
Ph
os
ph
at
e
2.
7
i
1.
0
pH
(U
ni
ts
)
7.
0
i
0.
1
Co
li
fo
rm
De
ns
it
y(
pe
r
ml
)
(1
42
i
10
8)
x
10
3
* 95 percent confidence level range
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Comparison
between
these
two
tables
shows
that
the
first
flush,
which
may
last
for
20
to
70
minutes,
exhibits
pollutant
con-
centrations
two
to
four
times
those
in
the
extended
overflow.
The
concentration
levels
in
these
first
flushes
are
also
observed
to
be
of
the
same
order
of
magnitude
of
raw
domestic
waste.
The
Southerly
Sewerage
District
of
Cleveland
consists
of
residential,
commercial,
and
industrial
areas
covering
approxi-
mately
25,000
hectares
(62,000
acres)
and
an
estimated
600,000
people.
A
1972
report26
indicates
that,
while
the
treatment
facility
has
a
hydraulic
capacity
of
7
cubic
meters
per
second
(160
mgd),
the
wet
weather
flow
ranges
from
7
to
35
cubic
meters
per
second
(160
to
800
mgd),
causing
a
substantial
discharge
of
combined
sewer
overflow
to
the
Cuyahoga
River
and
Lake
Erie.
The
report
concluded
that
a
total
of
about
52
overflows
a
year,
generally
lasting
for
five
to
six
hours,
can
be
expected
from
this
area.
The
concentrations
of
various
parameters
evaluated
in
the
study
were
observed
to
vary
significantly
between
summer/
fall
overflows
(late
July
—
early
November,
1970)
and
spring
overflows
(May
—
early
June,
1971).
Representative
results
obtained
are
shown
in
Table
VIII.
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Characteristics of the dry weather flow at the treatment plant
as determined hourly over an 18 hour period from 28 October
1970 are shown in Table IX.
Table IX
Quality Characteristics of Dry Weatggr Flow -
Cleveland, Ohio (1970—1971)
Parameter (mg/l) Mean Range ﬂ___
BOD 130 60 — 185
COD 383 164 — 543
Total Solids 634 441 - 820
Suspended Solids 192 64 - 249
Settleable Solids (ml/1) 5.3 0.5 - 9.5
Fecal Coliforms (106/100 m1)15.7v~— 5 — 62
*median
Thus, the overflow characteristics are essentially the same as
raw domestic sewage, except suspended solids are considerably
higher While fecal coliforms are lower. Using the average of
the range of wet weather flows assumed, this means the
equivalent of nearly 284 million liters (75 million gallons)
of raw waste would be discharged approximately 52 times per
year from this area.
Comparing the data from these two communities, it is
obvious that the waste characteristics in one area may differ
significantly from those in another area. It is also shown
in the Cleveland situation that the pollutional load for a
given area will tend to vary with seasons of the year. The
state-of—the-art at the present times does not allow for an
apriori evaluation of the effect of urban drainage on water
quality. It must also be emphasized that the concentration of
pollutants alone or even total pound loadings, will not provide
information as to the effect of such discharge on water quality.
23
The
location
of
the
drainage
or
overflow
outlet with
respect
to
the ultimate
receiving water must
be
taken
into
considera—
tion
as well.
Discharge
into bay
areas,
where
the water
tends
to
be
more
quiescent,
will
have
greater
localized
effect
than
discharges
into
areas
with
high
current
velocity.
A
region
such
as
Green
Bay,
for
example,
exhibits
a
greater
problem
with
respect
to
pollution
(although
the
effect
of
urban
drainage
has
not
been
isolated
from
the
effect
of
pointrsource
discharges)
than
the
upper
Detroit
River,
where
the
Conner
Creek
combined
system
overflows.
The
upper
Detroit
River
is
one
area
of
the
Great
Lakes
Where
data
are
available
to
show
the
actual
effect
of
urban
drainage
on
water
quality.
One
phase
of
the
Public
Health
Service
investigation
of
the
Detroit
River
involved
a
special
study on
combined
sewer overflows
in
the upper
river27.
The
following
conclusions
were
drawn
from
this
study.
1.
Coliform,
fecal
coliform,
and
fecal
streptococcus
densities
increased
in
the Detroit
River,
following
an
overflow
from
combined
sewers,
10
to
50
times
over
the
values
found
during
dry
weather,
2.
Coliform
densities
in
the Detroit
River
following
an
overflow
often
exceeded
300,000
per
100 ml
and
at times exceeded 700,000 per 100 m1.
3.
All
high
bacteriological
values
in
the
Detroit
River
during
or
following
an
overflow were
found
below
Conners
Creek,
Bacteriological
densities
above
this
point
stayed
fairly
conStant
during
wet and dry conditions. Conners Creek represents
the most upstream location of many combined sewer
outfalls
which
extend
to
the mouth
of
the River,
4,
Analysis
of
the City
of Detroit
sampling
records
reveals
individual
analyses
exceeding
800,000
coliforms
per
100 ml
in
the Detroit
River
on
the
day following significant rainfall,
5, High bacteriological densities following over—
flows were found at both the City of Wyandotte
water intake and the new City of Detroit intake
near Fighting Island. The Wyandotte values
exceeded 100,000 per 100 ml and the Fighting
Island values 10,000 per 100 ml.
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 6.
The
eff
ect
of
ove
rfl
ows
on
wat
er
qua
lit
y
in
the
Det
roi
t
Riv
er
has
bee
n
obs
erv
ed
as
lon
g
as
fou
r
days after the rain subsided.
7.
Eac
h o
f
the
nin
e
sto
rms
ind
ivi
dua
lly
inv
est
iga
ted
pro
duc
ed
a
sev
ere
eff
ect
on
wat
er
qua
lit
y
in
the
Det
roi
t R
ive
r a
s e
vid
enc
ed
by
inc
rea
sed
bac
ter
ial
con
tam
ina
tio
n.
Thi
s
eff
ect
was
als
o
not
ice
d
in
statistical evaluation of regular data by wet or
dry conditions.
8.
The
len
gth
of
the
eff
ect
of
ove
rfl
ows
of
com
bin
ed
sewers upon water quality in the Detroit River
varies from one to four days after the beginning
of the actual discharge.
9. The greater the rain the longer the period of
overflow and more severe the effect on the Detroit
River.
10.
Whi
le
bac
ter
iol
ogi
cal
ana
lys
is
was
use
d t
o c
omp
are
normal conditions with those found during or
following an overflow, other observations were
made by field personnel in the area during heavy
rains which indicated the deleterious effect of
the overflows upon water quality in the River.
Field notes on these occasions described debris
and garbage as well as excrement floating down
the Detroit River.
11.
Ana
lys
is
of
rai
nfa
ll,
ove
rfl
ow,
and
str
eam
qua
lit
y
records reveals that during a nine-month period
in 1963 (March - November) overflows from combined
sewers affected water quality in the Detroit
Riv
er
dur
ing
par
t o
r a
ll
of
88
day
s.
Thi
s r
epr
ese
nts
32 percent of the days in the nine—month period.
This phenomenon occurred during the year of lowest
accumulated rainfall and could represent an
even greater effect on Detroit River water quality
during a year of normal rainfall.
Routine water quality monitoring does not necessarily pro-
vide information on the effect of urban drainage on water
quality, since the conditions producing the runoff (i.e.
pre
cip
ita
tio
n)
do
not
pre
sen
t t
he
mos
t i
dea
l c
irc
ums
tan
ces
for
samp
ling
.
Non
eth
ele
ss,
mor
e r
ece
nt
dat
a o
bta
ine
d o
n t
he
Det
roi
t R
ive
r b
y v
ari
ous
sta
te
and
fed
era
l a
gen
cie
s i
ndi
cat
e
the quality of the water still deteriorates between Belle
Isle and the Rouge River, due primarily to combined sewer
overflows.
25
3.4
Assessment
and
Quantification
of
Urban
Runoff
Although,
as
has
been
discussed
previously,
there
has
been
a
considerable
effort
into
documenting
the
characteristics
of
urban
runoff
in
general
and
its
potential
for
polluting
the
receiving
streams,
relatively
little
has
been
accomplished
in
the
area
of
assessment
of
pollution
in
storm
water
as
it
relates
to
specific
land
activities.
The
most
comprehensive
work
to
date
in
this
area
was
performed
by
Avco
Economic
Systems
Corpo-
ration
in
Tulsa.
Oklahomal7.
The
output
of
this
study
included
functional
relationships
for
estimating
the
concentrations
of
certain
pollutant
parameters
based
on
either
precipitation
variables
or
land
usage.
The
study
concludes
that
these
func-
tional
relationships
can
be
used
to
obtain
a
first
order
estimate
of
the
average
pollutant
concentrations
in
urban
watersheds
at
geographical
locations
other
than
Tulsa,
however,
until
these
relationships
are
verified
for
various
areas
within
the
Great
Lakes
Basin
they
should
be
applied
here
only
with
caution.
This
study's
primary
importance
lies
in
providing
a
format
which
should
allow
for
the
maximum
information
on
storm
water
pollution
from
a
given
urban
area
to
be
obtained
at
a
minimum
effort.
This
report
contains
a
large
number
of
regression
equations
which
attempt
to
correlate
various
parameters
with
the
concentra—
tion
of
certain
pollutants
under
various
urban
land
usages.
For
example
univariate
equations
are
presented
for
BOD
concentrations
from
a
residential
area
as
a
function
of
environmental
condi-
tion,
residential
density,
ratio
of
covered
sewer
to
the
total
length
of
main
channel,
or
percentage
of
non—arterial
streets.
Multivariate
realtionships
are
presented
correlating
this
para-
meter
with
various
combinations:
environmental
condition,
covered
sewer
ratio,
and
topographic
conditions;
environmental
conditions,
covered
sewer
ratio,
percentage
of
arterial
streets
and
percentage
of
non—arterial
streets;
or
covered
sewer
ratio
and
percentage
non-arterial
streets.
These
seven
equations
can
thus
be
tested
using
the
conditions
existing
in
a
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given area and runoff data obtained for that area to determine
which formulation best describes the area under study. Although
these relationships provide a framework for analyzing a parti—
cular area, considerable effort must be expended to provide
the necessary input data, and evaluate the reliability of the
results obtained.
Other recent activities in this area have involved the
development of comprehensive mathematical models using a
theoretical approach, with the coefficients determined by and
20’ 28. Recent studies with
checked against the available data
such an approach show much promise in evaluating the runoff
characteristics from urban areas, which can then be integrated
with currently available receivingwater models to delineate
the actual effect of the runoff on water quality. Although
this approach holds great promise, a great deal of development
work is still required to authenticate is general applicabi-
lity.
It must be stressed that the present state—of—the-art does
-not allow for apriori quantitative assessment of pollutant
loading from various urban land usages, This is well illustrated
by the Avco study in Tulsa17
which determined average BOD
loadings from two ostensibly identical, medium density residential
areas to range from 16 to 39 kg/ha/year (14 to 35 pounds/acre/
year). These same two areas exhibited total solids loading
of 1325 and 553/kg/ha/year (1183 and 494 pounds/acre/year),
respectively.
With regards to the Great Lakes in total, it is impossible
to provide a meaningful total loading factor. In addition to
the limitations discussed above with respect to quantifying
pollutant loads from urban activity, the greatest amount of
information presently available deals with non-conservative
materials (degradable organics, nutrients, bacteria, etc.) which
is of primary significance only in relatively localized areas.
To consider such pollutant loads from urban land drainage for
the Great Lakes as a whole is without meaning.
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The available information on characteristics of urban land
drainage does, however,
allow for an estimation of the relative
significance
of
this
particular
activity
as
compared
to other
activities with respect to a unit
areabasis.
The loading
function ranges to be expected for various land usages,
assuming
17 will hold true
in the Great Lakes region,
even though climatic differences
the information obtained for the Tulsa region
between the two areas are significant, are shown in Table X.
Data from the same study,
included in Table X, shows that the
pollutant loadings from relatively open land (airport and park
land) are generally much lower than any type of urban usage.
In contrast, assuming a residential population density of 49.4/ha
(20/acre), and treated wastewater effluent with a BOD concentra-
tion of 10 mg/l and phosphorus concentration of 1 mg/l, the
point source pollutant loading would be 68 kg/ha/year (61 pounds/
acre/year) of BOD and 6.7 kg/ha/year (6 pounds/acre/year) of
phosphorus. This is generally much higher than the non-point
source pollutant loadings.
A great deal of additional informa-
tion with regards to such loading functions for the Great Lakes
area must be obtained before a more accurate assessment can be
made.
In general, the state-of-the-art with respect to determining
the effect of residential and/or commercial-industrial land
usage is best summed up by the first conclusion presented in an
urban runoff study in Sacramentozo.
"The necessary data are not available in the Study Area
or most areas to determine or predict distributions of
storm water runoff and combined sewage flows and pollu—
ant contents, and distributions of the corresponding
receiving water characteristics. Most, if not all, of
the characterizations of storm water runoff and combined
sewage that has been performed and reported is totally
unsuitable for predicting in a quantitative manner the
storm water runoff. The best that these data can pro-
vide are qualitative indications of the magnitude and
ranges of expected variations in the characteristics.”
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3.5 Institutional Arrangements for Control of Pollution from
Urban Land Use
Several governmental mechanisms exist for the minimization
of the affect of urban land usage on water quality. The
greatest problem in this regard at present is providing the
implementation of existing mechanisms. Zoning ordinances,
which are of almost universal existance in urban areas, provide
a ready means for minimizing many pollution problems. Provi-
sions for open spaces, although tending to increase urban
sprawl, will tend to minimize localized inputs of heavy
pollution loads. These same ordinances can be used to prevent
the location of refuse disposal facilities and open storage
areas in regions more susceptible to leaking of pollutants
from overland and/or subsurface flows.
A second legislative area of prime importance in this re—
gard is erosion control ordinances. Soil erosion resulting
from overland drainage, particularly during construction
operations, are known to have a significant effect on water
qual
ity.
Ero
sio
n c
ont
rol
ord
ina
nce
s,
sim
ila
r t
o t
hat
rec
ent
ly
enacted by the State of Michigan, will greatly reduce the
impact of stormwater drainage from urban areas if stringently
enforced. Such ordinances are not overwhelmingly in existence
at the present time, and a great deal more input of personnel
is required in those areas where such ordinances do exist.
The mOst effective means for pollution control is prevention
of pollutant generation. There are several actions in this
regard which can be taken in the Great Lakes Basin to reduce
the impact of urban land usage on water quality. One obvious
item is more careful management of snow removal practices. In—
discriminate use of salt and/or sand can result in unnecessarily
high loadings of chloride and suspended solids to the receiving
waters. Similarly, careful selection and application of
pesticides and herbicides can reduce the effects resulting from
this activity. This aspect can best be treated by educational
3O
  
 pr
og
ra
ms
in
vo
lv
in
g
go
ve
rn
me
nt
al
pe
rs
on
ne
l,
so
th
at
th
ey
ma
y
pe
rf
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m
th
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fu
nc
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of
en
vi
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en
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gr
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fo
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e
po
te
nt
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l
po
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ct
s.
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 Section 4
TECHNOLOGY FOR CONTROL OF URBAN RUNOFF
Reviewing the sources of water pollution from urban runoff,
it is obvious that there exists two basic approaches to mini-
mizing the effects of such drainage on water quality. The
first approach is to control the entrance of polluting material
to the channels draining the area; the second is to provide
treatment to the drainage prior to its release to the ultimate
receiving body of water.
As in other areas of wastewater
management, proper control will generally be less expensive
than treatment. This is especially true in newly developing
areas, where control procedures can be instituted at less cost
than attempting to provide controls in existing systems.
The most obvious and most widely studied means of controlling
the effects of drainage on water quality is the use of separate
storm and sanitary sewers rather than combined systems. Although
it has been shown that separation of sewers alone will not
solve the pollution problems resulting from urban land activity,
the concentrations of pollutants discharged during combined
sewer overflows may be two to three times higher than would be
18, 19, 20, 29 Such
combined systems are relatively common in the Great Lakes area,
the case for storm sewer discharge alone
as was indicated in a report on combined sewers by the American
Public Works Association6. This report, which surveyed only
United States communities, indicated that 65 percent of the
population of the western Great Lakes Basin of the United
States (Minnesota, Wisconsin, and Michigan portions) were
served by combined sewers, while 44 percent of the United
States population of the Lake Erie Basin were served by com-
bined systems. This represented a population of approximately
4.4 million people based on the population of these areas at
the time of the study. The majority of people served by these
systems resided in larger communities.
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Detroit:
System
monitoring
and
remote
control
Polymeric additives
Rainfall/runoff
relationship
definition
Milwaukee:
Chlorination
Rotating
biological
contactor
Screening, chemical oxidation, and
split flow air flotation
Cleveland:
High
rate
filtration
Hypochlorination,
screening,
generally
improved maintenance
Sandusky,
OH
Underwater
temporary
storage
Mt.
Clemens,
MI
Lagoon
treatment
and
reuse
Bucyrus,
OH
Storage
and
treatment
Akron,
OH
Underground
storage/treatment
Kenosha,
WS
High—rate
biological
treatment
The Detroit monitoring system has shown the feasibility of
increasing
the
pumping
rate
at
the
treatment
plant
at
the
on-
set
of
storms
as
monitored by
remotely
stationed
rain
gauges,
This
allows
for greater
sewer
storage
capacity
and
reduces
the
30
incidence
of
overflows
The
feasibility
of
off—stream
stor—
age and Subsequent treatment was shown in studies at two Ohio
29’ 31. Studies on external treatment processes
communities
also
exhibited
the
feasibility
of
this
approach
to
combined
sewer
overflow abatement.
Studies
in Milwaukee32
have
shown
that screening/flotation can effectively reduce pollution from
combined
sewer
overflows.
Effluent
from
the
system was
generally
comparable
to
secondary
effluent.
The
projected
capital costs for a system to treat the once-in-five-year
storm was $21,000 per mgd capacity or $3,828 per acre served.
Ultra—high—rate
filters
have
been
studied at
Cleveland26.
Utilizing screens and high rate filters with polyelectrolyte
addition, average Suspended solids removal of 93 percent and
BOD removal of 65 percent were obtained. Estimated capital
cost for this process were $23,000 per mgd, which is essentially
the same as the costs for the screening/flotation process used
in Milwaukee.
Higher levels of treatment were shown feasible
34
 in
a
st
ud
y
ut
il
iz
in
g
po
wd
er
ed
ac
ti
va
te
d
ca
rb
on
,
al
um
an
d
p
o
l
y
m
e
r
a
d
d
i
t
i
o
n
,
a
n
d
f
i
l
t
r
a
t
i
o
n
3
3
.
A
v
e
r
a
g
e
r
e
m
o
v
a
l
s
in
e
xc
e
s
s
of
94
p
e
r
c
n
e
t
of
BO
D
an
d
CO
D
an
d
99
p
e
r
c
e
n
t
of
s
u
s
p
e
n
d
e
d
so
li
ds
w
e
r
e
a
c
h
i
e
v
e
d
on
c
o
m
b
i
n
e
d
se
wa
ge
,
a
l
t
h
o
u
g
h
th
e
c
a
p
i
t
a
l
co
st
s
w
e
r
e
c
o
n
s
i
d
e
r
a
b
l
y
h
i
g
h
e
r
th
an
th
e
p
r
e
v
i
o
u
s
l
y
d
i
s
c
u
s
s
e
d
systems.
Sp
ec
if
ic
in
ve
st
ig
at
io
ns
in
to
th
e
ma
na
ge
me
nt
,
co
nt
ro
l,
an
d/
or
tr
ea
tm
en
t
of
st
or
mw
at
er
ru
no
ff
al
on
e
ha
s
be
en
fa
r
le
ss
ex
te
ns
iv
e
th
an
is
th
e
ca
se
wi
th
co
mb
in
ed
se
we
r
ov
er
fl
ow
s.
Ho
w-
ev
er
,
a
re
ce
nt
sy
st
em
st
ud
y
wa
s
co
nd
uc
te
d
to
de
te
rm
in
e
th
e
te
ch
ni
ca
l
an
d
ec
on
om
ic
fe
as
ib
il
it
y
of
us
in
g
sm
al
l
st
or
ag
e
re
se
rv
oi
rs
as
B:
me
an
s
of
st
or
m
wa
te
r
po
ll
ut
io
n
co
nt
ro
l
fo
r
an
ur
ba
n
ar
ea
Ba
se
d
on
th
is
st
ud
y,
it
wa
s
de
te
rm
in
ed
th
at
th
e
us
e
of
sm
al
l
st
or
ag
e
ba
si
ns
di
sp
er
se
d
th
ro
ug
ho
ut
an
ur
ba
n
co
mm
un
it
y
fo
r
th
e
co
nt
ro
l
of
st
or
m
wa
te
r
po
ll
ut
io
n
wa
s
te
ch
ni
-
ca
ll
y
fe
as
ib
le
an
d
ec
on
om
ic
al
ly
at
tr
ac
ti
ve
co
mp
ar
ed
to
ot
he
r
al
te
rn
at
iv
es
.
Fu
rt
he
rm
or
e,
th
e
st
or
m
wa
te
r
co
ll
ec
te
d
in
th
es
e
ba
si
ns
co
ul
d
be
tr
ea
te
d
to
pr
ov
id
e
ap
pr
ox
im
at
el
y
ha
lf
th
e
wa
te
r
de
ma
nd
s
of
a
ty
pi
ca
l
re
si
de
nt
ia
l
co
mm
un
it
y.
Th
us
th
e
pr
od
uc
ti
on
of
po
ta
bl
e
wa
te
r
fo
r
do
me
st
ic
su
pp
li
es
or
no
n—
po
ta
bl
e
wa
te
r
fo
r
in
du
st
ri
al
us
ag
e
ma
y
se
rv
e
to
re
co
ve
r
at
le
as
t
a
po
rt
io
n
of
th
e
ex
pe
ns
e
in
vo
lv
ed
in
co
nt
ro
ll
in
g
th
e
ef
fe
ct
of
ur
ba
n
dr
ai
na
ge
on
wa
te
r
qu
al
it
y.
Th
e
ab
ov
e
me
nt
io
ne
d
st
ud
ie
s,
an
d
ma
ny
ot
he
rs
be
in
g
pe
rf
or
me
d
ac
ro
ss
th
e
co
un
tr
ys
,
ha
ve
pr
ov
id
ed
ev
id
en
ce
th
at
th
e
te
ch
no
-
lo
gy
ex
is
ts
fo
r
ef
fe
ct
iv
e
ma
na
ge
me
nt
an
d
co
nt
ro
l
of
co
mb
in
ed
se
we
r
ov
er
fl
ow
s
as
we
ll
as
ur
ba
n
st
or
mw
at
er
ru
no
ff
,
Th
e
co
nt
ro
ll
in
g
el
em
en
t
in
th
is
,
as
in
al
l
as
pe
ct
s
of
po
ll
ut
io
n
co
nt
ro
l,
is
th
e
e
c
o
n
o
m
i
c
a
l
c
o
n
s
i
d
e
r
a
t
i
o
n
s
.
J
u
s
t
i
f
i
c
a
t
i
o
n
of
s
u
c
h
e
x
p
e
n
d
i
t
u
r
e
s
r
e
q
u
i
r
e
s
t
h
e
a
c
c
u
r
a
t
e
d
e
l
i
n
e
a
t
i
o
n
o
f
t
h
e
c
o
n
s
e
q
u
e
n
c
e
s
o
n
w
a
t
e
r
q
u
a
l
i
t
y
if
u
r
b
a
n
d
r
a
i
n
a
g
e
is
d
i
s
c
h
a
r
g
e
d
without treatment.
35
Section 5
REFERENCES
1. S. R. Weibel, R. B. Weidner, J. M. Cohen, and A. G. Christian—
son, "Pesticides and Other Contaminants in Rainfall and
Runoff”, Journal AWWA, 5§, 1075 (1966).
2. D. B. Aulenback and N. L. Clesceri, "Nutrient Inputs to a
Lake and Their Effects Upon Water Quality,” in Chemistry
of Water Supply, Treatment, and Distribution, A. J. Ru in,
ed., Ann Arbor Science Pub., p. 11 (1973).
 
3. S. R. Weibel, R. J. Anderson, and R. L. Woodward, "Urban
Land Runoff as a Factor in Stream Pollution,” JWPCF, 36,
914 (1964).
4. USPHS, “Pollutional Effects of Stormwater and Overflows
from Combined Sewer Systems,” USPHS Publ. No. 1246 (1964).
5. R. Field and E. J. Struzeski, Jr., "Management and Control
of Combined Sewer Overflows," JWPCF, 44 1393 (1972).
6. APWA, "Problems of Combined Sewer Facilities and Overflow —
1967”, EPA report 11020 — December 1967.
7. W. A. Rosenkrane, "Storm and Combined Sewer Demonstration
Projects,” EPA DAST-36. (January, 1970).
8. W. J. Benzie and R. J. Courehaine, "Discharges from Separate
Storm Sewers and Combined Sewers," JWPCF, 3§, 410 (1966).
9. R. J. Burm and R. D. Vaughn, "Bacteriological Comparisons
between Combined and Separate Sewer Discharges in South-
eastern Michigan," JWPCF, §§, 400 (1966).
10. R. J. Burm, D. F. Krawcyk, & G. L. Harlow, "Chemical and
Physical Comparison of Combined and Separate Sewer Dis-
charges," JWPCF 49, 112 (1968).
11. C. L. Palmer, "The Pollutional Effects of Stormwater
Overflows from Combined Sewers,” Sewage and Industrial
Wastes, 22, 154 (1950).
12. C. L. Palmer, '"Feasibility of Combined Sewer Systems,”
JWPCF, 35, 1962 (1963).
13. E. E. Geldreich, L. C. Best, B. A. Kenner, and D. J. Van-
Donsel, "The Bacteriological Aspects of Stormwater Pollu-
tion,” JWPCF, 49, 1861 (1968).
 
36
 
  
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
F. L. Evans III, E. E. Geldreich, S. R. Weibel, and
G. G. Robeck, "Treatment of Urban Stormwater Runoff,”
JWPCF £0, R162 (1968).
APWA, "Water Pollution Aspects of Urban Runoff,” FWPCA
Publication No. WP-20-15, 1969.
U. R. Pontius, E. H. Pavia, and D. C. Crowder, "Hypochlori-
nation of Polluted Stormwater Pumpage at New Orleans,"
EPA Report No. 11023 FAS (September, 1973).
AVCO Economic Systems Corporation, "Storm Water Pollution
from Urban Land Activity," FWQA Publication No. 11034
FKLO7/70, 1970.
Black, Crow, & Eidsness, Inc., "Storm and Combined Sewer
Pollution Sources and Abatement - Atlanta, Georgia,"
EPA Report 11024 ELB (January 1971).
J. A. DeFilippi and C. S. Shih, "Characteristics of Storm
and Combined Sewer Flow," JWPCF 33, 2033 (1971).
Envirogenics Company, "Urban Storm Runoff and Combined
Sewer Overflows Pollution — Sacramento, California,”
FWQA Report 11024 FKM (December 1971).
E. H. Bryan, "Quality of Stormwater Drainage from Urban
Land,” Water Resources Bulletin g, 578 (1972).
J. D. Sartor and G. B. Boyd, "Water Pollution Aspects of
Street Surface Contaminants,” EPA Report R2—72-O81,
(November, 1972).
R. E. Pitt and G. Amy, "Toxic Materials Analysis of Street
Surface Contaminants,” EPA Report No. R2-73—283, (August,
1973).
R. Field, E. J. Struzeski, Jr., H. E. Masters, and
A. N. Tafuri, "Water Pollution and Associated Effects
From Street Salting", EPA report R2-73—257 (May, 1973).
D. G. Mason and M. K. Gupta, "Screening/Flotation Treat—
ment of Combined Sewer Overflows."
R. Nebolsine, P. J. Harvey, and C. Fau, "High Rate Filtra—
tion of Combined Sewer Overflows," EPA Report No. 11023
EYI (April, 1972).
R. D. Vaughan and G. L. Harlow, " Report on Pollution of
the Detroit River, Michigan Waters of Lake Erie, and Their
Tributaries," U. S. Dept. of Helath, Education, and Welfare
37
 
28.
30.
31.
32.
33.
Public
Health
Service,
Division
of
Water
Supply
and
Pollu-
tion Control. April, 1965.
J.
A.
Lager,
R.
E.
Pyatt,
and
R.
P.
Shubinski,
"Storm
Water
Management
Model,”
EPA
Report
Nos.
14-12-501,
502,
503 (July 1971).
Burgess
& Niple,
Limited,
“Stream Pollution
and Abatement
from
Combined
Sewer
Overflows
- Bucyrus,
Ohio",
FWQA Report.
11024 FKN (November, 1969).
G.
J.
Remus,
"Mangement
of
the
Detroit
Metro
Water
Depart-
ment,” JWPCF £3, 17 (1971).
Karl
R.
Rohrer
and W.
J.
Bondy,
Jr.,
"Underwater
Storage
of
Combined
Sewer
Overflows,"
EPA
Report
No.
14—12-143
(1971).
D.
G.
Mason,
“Treatment
of
Combined
Sewer
Overflows,”
JWPCF 53, 2239 (1972).
A. J.
Shuckrow,
G. W. Dawson,
and W. F. Bonner,
"Physical-
Chemical Treatment of Combined and Municipal Sewage,"
EPA Report No. R2—73*149 (February 1973).
  
  
Land Use/Water Quality Relationships in the U. S. Great Lakes Basin
Task A: To assess problems, management of programs and research...
Category A3 — Transportation
TRANSPORTATION AREAS
prepared by
THE OHIO STATE UNIVERSITY
Columbus, Ohio
Robert C. Stiefel, Civil Engineering
Zoltan A. Nemeth, Civil Engineering
Acie C. Waldron, Entomology
for the
GREAT LAKES BASIN COMMISSION
Ann Arbor, Michigan
To be used as portion of the U. S. Task A Report on
GREAT LAKES POLLUTION FROM LAND USE ACTIVITIES by
the International Joint Commission — prepared in
partial fulfillment of U. S. Environmental Protection
Agency Contract No. 68-01—1598
September 1974
  
 
Section 1
l.
1.
l. L
I
O
N
r
—
l
Section 2
2.1
2.2
2.3
Section 3
3.1
3.2
3.3.
3.4
Section 4
Section 5
5
5.
5O W
N
H
Section 6
Section 7
7.1
7.2
Table of Contents
SUMMARY
Introduction
Summary of Findings and Conclusions
Recommendations
SUPPORTING MATERIALS
Introduction
Scope of Study
Study Procedures
REVIEW OF FINDINGS OF PREVIOUS STUDIES
General Description of Land Use Category
Length of Time Activities in Practice
3.2.1 Highway Systems
3.2.2 Railway Systems
3.2.3 Other Systems
Types and Nature of Pollutants
3.3.1 Pollutants Common to All Activities
3.3.1.1 Sediments
3.3.1.2 Herbicides
3.3.2 Pollutants Related to Operations
3.3.2.1 Salts
3.3.2.2 Motor Vehicle Wastes
of the Art in Assessing and Quantifying Problems
Sediments
Pesticides and Herbicides
Deicing Salts
Other Pollutants
3.4.4.1 Heavy Metals
3.4.4.2 Miscellaneous Pollutants
Transport Mechanisms of Pollutants
Natural RemovalMechanisms
Probable Changes in Land Use Activities in Time
Projected Future Pollution From Activities
Review of Institutional Arrangements to Control Pollution
SUMMARY OF ONGOING AND PROPOSED RESEARCH
AVAILABILITY OF TECHNOLOGY TO CONTROL POLLUTION
Nature of Existing Technology
Management Practices
Need for New Technologies for Pollution Control
NEED FOR ADDITIONAL RESEARCH
REFERENCES
Principal References
Other References
 
Page No.
H
b
.
)
m
e
\
O
W
O
D
N
N
N
O
‘
O
‘
O
‘
O
‘
U
‘
I
U
’
I
L
I
I
M
U
'
I
21
23
23
23
24
25
26
 
  
Table 1
Table 2
Table 3
Table of Tables
An
nu
al
He
rb
ic
id
e
Us
ag
e
by
Se
le
ct
ed
St
at
es
in
th
e
Great Lakes Basin
Co
mp
ar
is
on
of
St
re
ng
th
s
of
Di
ff
er
en
t
Pa
ve
d
Su
rf
ac
e
Pa
rt
ic
ul
at
es
fo
r
Ce
rt
ai
n
He
av
y
Me
ta
ls
Co
mp
ar
is
on
of
Lo
ad
in
g
of
Di
ff
er
en
t
Ty
pe
s
of
Ro
ad
wa
ys
for Certain Heavy Metals
Page 11
Page 16
Page 16
Section 1
SUMMARY
l.l Introduction
Land
use
activities
related
to
the
field
of
transportation
include:
interstate,
state
and
county
highways
and
roads;
railroads;
airports;
and
pipeline
and utility
corridors.
Runoff
from the
surfaces
of
these
facili-
ties during
their
construction,
operation
and maintenance
carries
many
different
classes
of
pollutants
to nearby streams.
Sediments
from soils
eroded
during
site
clearing and
construction
along
rightswof-way;
salts used
as
deicing
chemicals;
oils,
heavy metals,
and other waste products from vehicle emissions and highway operations;
and roadside litter and spilled materials constitute the types of pollu-
tants from transportation activities.
1.2 Summary of Findings and Conclusions
The impact that various
land use activities
associated with transpor-
tation have on the quality of the boundary waters of the Great Lakes Basin
is difficult to assess quantitatively because of the limited amount of
information that is currently available.
The sources of pollution and
the types of pollutants have generally been identified; but more field
data must be collected, and additional research and development work must
be completed before the full extent of the problem can be determined.
However, there are a significant number of roads, railroads, airports and
utility lines, which in the aggregate may form significant non-point
sources of pollution to waters in the Basin.
The provisions of the National Environmental Policy Act of 1969
require that an environmental
impact statement be prepared for all projects
that affect the environment and are supported by federal funds.
In order
to provide the type of information required for these reports, research
studies on highway activities that affect water quality have been initiated.
However, few results from the studies on the other activities in the trans-
portation area are available.
The requirement for environmental impact
statements has also lead to a reduction in the pollution from highway
activities by defining potential problems and requiring methods to control
them.
Most states in the region attempt to regulate non-point pollution
from highways, railroads and utility lines under general legislation
directed at pollution control. However, a few states have developed
specific programs to control sedimentation and limit herbicide usage,
especially where these activities may impact on nearby surface waters or
adversely affect groundwater quality.
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Section 2
SUPPORTING MATERIAL
2.1 Introduction
Transportation
as
a
category
of
land
use
includes
activities
such
as
interstate,
state
and
county
highways
and
roads;
railroads;
airports;
and
pipelines
and
utility
transmission
lines.
Navigation
is
an
important
aspect
of
transportation;
but
as
it
does
not
involve
an
extensive
use
of
land,
it
has
not
been
included
in
this
category.
The
existing
transportation
system
in
the
Great
Lakes
Basin
has
developed
steadily,
paralleling
the
population
growth
and
economic
devel-
opment
of
the
region.
Different
activities
were
more
significant
to
the
development
of
the
transportation
system
at
different
times;
but
all
have
continued
and
are
still
operating
in
the
Basin.
Surface runoff during the construction, operation and maintenance of
highways,
railroads,
airports
and
pipeline
and
utility
corridors
carries
pollutants
from
these
facilities
to
nearby
streams.
These
pollutants
include:
sediments,
herbicides,
deicing
salts
and
abrasives,
and
exhaust
emissions
and
other
waste
materials
from
vehicles
and
highway
operations.
2.2 Scope of Study
Land
use
activities
associated
with
transportation
have
been recognized
as
a
non-point
source
of
pollution
for
several
years,
but
only
recently
have
studies
been
undertaken
to
determine
the
extent
to
which
the
runoff
from
these
activities
affect
the
environment.
Most
of
these
studies
have
been
directed
at
problems
associated
with
pollution
from
the
construction,
operation
and maintenance
of
highways,
and
very
little
information
about
the
impact
that
other
forms
of
transportation
have
on
water
quality
is
available.
2.3 Study Procedures
Information
about
water
pollution
caused
by
transportation
activities
was
acquired
in
interviews
with
other
university
investigators,
through
interviews
and
correspondence
with
federal
and
state
agencies,
and
by
reviewing
current
literature
and
reports.
The major sources of the literature that were reviewed included
professional
journals,
symposia
proceedings
and
state
and
federal
reports,
Of
particular
value
were
the
reports
in
the
Environmental
Protection
3
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The facilities of the Northeast Water Resources Information Terminal
(NEWRIT) for the Water Resources Scientific Information Center Retrieval
System were used, but it could not return any abstracts related to the
problem.
Section 3
REVIEW OF FINDINGS OF PREVIOUS STUDIES
3.1
General
Description
of
Land
Use
Category
Transportation
as
a
land
use
category
within
the
Great
Lakes
Basin
encompasses
several
different
activities.
Interstate,
state
and
county
highways
and
roads
are
the
most
significant
transportation
activity
associated
with
water
quality
in
the
region;
but
surface
runoff
from
rail-
roads,
airports
and
corridors
for
pipelines
and
utility
lines
also
contribu-
tes to the pollutional load.
The
impact
that
surface
runoff
from
transportation
activities
within
municipalities
have
on
water
quality
is
beyond
the
scope
of
this
assessment,
but
has been
considered
in
other
reports
in
this
series.
Navigation
as
a
transportation
system
has
not
been
included.
3.2
Length
of
Time
Activities
in
Practice
The
development
of
the
transportation
systems
that
now
exist
in
the
Great
Lakes
Basin
generally
paralleled
the
population
growth
and
economic
development
of
the
region.
The
growth
of
the
various
activities
in
the
system
were,
however,
greatly
influenced
by
the
major
technological
advances
that
occurred
in
the
transportation
field.
3.2.1 Highway Systems
It
was
not
until
the
development
of
the
automobile
at
the
beginning
of
the
twentieth
century
that
surface
runoff
from
highways
began
to
have
a
serious
impact
on
water
quality.
The
demand
for
safer,
paved
road
surfaces
with
longer
sight-distances,
reduced
grades
and
improved
drainage
resulted
in
increased
dislocations
of
the
topography
and
accelerated
erosion
of
the
soil.
The
discharge
of
waste
products
from
automobiles
and
from
their
exhaust
systems,
the
control
of
vegetation
along
roadsides
by
herbicides
and the desire for highway surfaces that are free of ice and snow increase
the
potential
for
pollution
by
chemical
agents.
3.2.2 Railway Systems
Railway
systems
and
canal
systems
for
the
transportation
for
goods
and
materials
began
in
the
region
in
the
latter
part
of
the
nineteenth
  
  
c
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3.3.1.1 Sediments
Co
ns
tr
uc
ti
on
as
so
ci
at
ed
wi
th
tr
an
sp
or
ta
ti
on
ac
ti
vi
ti
es
is
ge
ne
ra
ll
y
pr
ec
ee
de
d
by
th
e
re
mo
va
l
of
al
l
ve
ge
ta
ti
ve
co
ve
r
an
d
to
p
so
il
fr
om
th
e
si
te
.
If
re
qu
ir
ed
,
th
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With
the
re-establishment
of
ground
cover
after
construction
is
completed,
the
rate
of
erosion
drops
significantly;
but
maintenance
operations,
particularly
those
involved
with
the
removal
of
vegetation
from
drainage
channels,
may
temporarily
increase
the
rate
again.
3.3.1.2 Herbicides
Weeds,
grasses
and
brush
growing
along
highways
and
railroads,
in
utility
corridors
and
at
airfields
are
frequently
controlled
by
the
application
of
herbicides.
This
control
is
practiced
for
aesthetic
reasons,
for
the
management
of
the
wildlife
habitat,
for
improved
access
to
the
site
and
for
fire
prevention
and
control.
As
the
herbicides
are
often
applied
on
slopes,
surface
runoff
tends
to
wash
off
the
herbicide
and
concentrate
it
in
the
drainage
system.
3.3.2
Pollutants
Related
to
Operations
3.3.2.1 Salts
For
safety
reasons,
most
State
and
County
highway
departments
in
the
region
have
adopted
a
"bare
pavement"
policy
with
regards
to
ice
and
snow
removal.
Sodium
chloride
and
calcium
chloride
are
the
two
salts
most
commonly
used
for
this
purpose.
Airports
also
use
deicing
salts
and
other
compounds
to
remove
ice
from
active
runways.
Other
compounds
are
frequently
added
to
deicing
salts
to
help
eliminate
operational
problems.
Sodium
ferrocyanide
or
ferric
ferrocyanide
are
commonly
used
to minimize
the
caking
of
stored
salt,
and
chromate
and
nutritious
phosphate
additives
are
used
as
corrosion
inhibitors.
The
ferrocyanides
are
soluble
in water
and
are
capable
of
generating
cyanide
in
the
presence
of
sunlight.
Chromium,
like
cyanide,
is
a highly
toxic
10H.
As
all of
the
salts
used
as deicers
are
soluble
in water,
ground-
water
contamination may also result
from excessive
applications
or
improper
storage.
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3.4.1 Sediments
Sediments
from
soil
erosion
is
conceded
by
most
authorities
to
be
the
largest
single
stream
pollutant
(9).
Physical
damages
that
result
from sediments
include
the
siltation
of reservoirs
and
lakes;
the
filling
of harbors, and navigation channels;
the alteration of the morphology and
the stability
of
streams;
and
the clogging
of drainage
facilities
along
highways.
Sediment
also
restricts
the recreational
use
of water,
inter-
feres with water supplies,
and disrupts stream and lake ecology.
It is estimated that the 6.44 million kilometers (four million miles)
of roads in the United States contribute 50.8 million metric tons (56
million tons) of sediment to streams annually (9).
Although not the
largest source of sediment on an absolute basis, highways do have a high
rate of sediment production on a unit area basis relative to other sources,
particularly during their construction phase.
Studies by Diseker and
Richardson (6) show that bare road cuts erode at rates as great as 672
metric tons per hectare per year (300 tons per acre per year), and Wolman
(23) states that the tonnage of sediment derived from erosion from an acre
of ground under construction in highways and developments may exceed
20,000 to 40,000 times the amount
eroded from farms and woodlands in an
equivalent period of time.
Younkin (24) has reported sediment flow rates as great as 24.5
metric tons per hour (27 tons per hour) from the construction site of a
new interstate highway, but he also reports that few data are available
that can establish the contribution that highway construction sites make
to the sediment problem.
He has developed a regression equation that can
.be used to predict if a particular highway construction site would be a
significant pollution sOurce.
An inventory of 140,000 kilometers (87,000 miles) of highways in
Wisconsin showed that there were 21,000 sites at which erosion was
occurring.
Nearly 73 percent of the sites were along town roads, 24
percent were along country roads, and only 3 percent were on state high-
ways (4).
No estimates of the amounts of sediments produced from these
sites were presented; and in general, very little information about
sediment production from established highways is available.
Many investigators have evaluated the different techniques that are
used for sediment control at highway construction sites (3, 11); and
several others have made attempts to modify an existing empirical erosion
equation that is now widely used on agricultural lands for use at highway
sites.
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Table 1
ANNUAL HERBICIDE USAGE BY SELECTED STATES
 
IN THE GREAT LAKES BASIN
STATE
HERBICIDE
USAGE
REMARKS
Ohio
2,
4-D
9,200
gal.
Used
at
labeled
rates
2-(2, 4, 5-TP)
500 lb.
along state's 4,700 mile
Amizine
1,000 lb.
highway system in
Dalapon
660 lb.
Great Lakes Basin.
Dichlobenil 600 1b.
Others 700 lb.
Pennsylvania
2, 4-D
12,000 gal.
Used at labeled rates
2, 4—D & 2, 4, 5-T
15,000 gal.
along state's 44,600
Picloram & 2, 4—D
3,000 gal.
mile highway system.
2, 4, 5—T 4,000 gal.
Diuron 15,000 lb.
Bromacil 2,000 lb.
Simazine-Amitrol 15,000 lb.
Simazine 10,000 lb.
Others 600 gal.
Indiana
2, 4-D
36,000 gal.
Used at labeled rates
2, 4, 5—T
None
throughout the state.
Others also used
To convert gallons to liters, multiply by 3.785,
pounds to kilograms, multiply by 0.453,
miles to kilometers, multiply by 1.609.
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some
of
the
app
rox
ima
te
ann
ual
qua
nti
tie
s o
f h
erb
ici
des
that
hav
e
bee
n u
sed
by
sel
ect
ed
Sta
tes
alo
ng
hig
hwa
y r
igh
ts-
of—
way
in
the
reg
ion
are shown in Table 1.
3.4.3 Deicing Salts
In the interest of highway safety, most States in the Great Lakes
Bas
in
hav
e a
dop
ted
a "
bar
e p
ave
men
t"
pol
icy
wit
h r
ega
rds
to
ice
and
sno
w
rem
ova
l d
uri
ng
the
win
ter
.
A r
ece
nt
rep
ort
of
the
Hig
hwa
y R
ese
arc
h B
oar
d
of
the
Nat
ion
al
Aca
dem
y o
f S
cie
nce
s s
tat
ed
tha
t m
ajo
r h
igh
way
s i
n 3
3
sno
w-b
elt
sta
tes
wou
ld
hav
e t
o b
e t
emp
ora
ril
y c
los
ed
or
tra
vel
ed
und
er
ext
rem
ely
haz
ard
ous
con
dit
ion
s d
uri
ng
win
ter
sto
rms
if
the
use
of
dei
cin
g
salts were to be discontinued (11).
The
two
sal
ts
mos
t c
omm
onl
y u
sed
,
sod
ium
chl
ori
de
and
cal
ciu
m
chl
ori
de,
com
e v
ery
clo
se
to
bei
ng
per
fec
tly
sui
ted
for
sno
w a
nd
ice
con
tro
l.
How
eve
r,
the
re
has
bee
n m
uch
dis
cus
sio
n a
bou
t t
he
imp
act
of
dei
cin
g s
alt
s o
n w
ate
r r
unof
f,
soil
bor
der
ing
the
hig
hwa
y,
and
pla
nt
and
ani
mal
life
sub
jec
ted
to
the
salt
.
Sod
ium
chl
ori
de
is
gen
era
lly
use
d a
t
tem
per
atu
res
abo
ve
-12
°C (
10°F
),
for
at
lowe
r t
emp
era
tur
es
the
amo
unt
of
salt
req
uir
ed
bec
ome
s p
roh
ibi
tiv
ely
larg
e.
Cal
ciu
m c
hlo
rid
e i
s g
ene
ral
ly
lim
ite
d t
o t
emp
era
tur
es
abo
ve
-34
°C
(-30
°F).
The
cos
t o
f c
alc
ium
chl
ori
de
is
app
rox
ima
tel
y t
wo
to
thr
ee
tim
es
tha
t o
f s
odi
um
chl
ori
de
and
is
gen
era
lly
use
d s
par
ing
ly.
How
eve
r,
due
to
its
rap
id
rat
e o
f s
olu
tio
n,
less
cal
ciu
m
chl
ori
de
is w
ast
ed
dur
ing
fre
que
nt
plo
win
g o
per
ati
ons
.
Whe
n c
alc
ium
chlo
ride
and
sodi
um c
hlor
ide
are
comb
ined
, th
e de
liqu
esce
nt c
alci
um
chl
ori
de
sup
pli
es
the
tri
gge
rin
g a
cti
on
to
pro
vid
e r
api
d m
elt
ing
act
ion
at
all
tem
per
atu
res
.
Cal
ciu
m c
hlo
rid
e's
spe
ed
of
act
ion
pro
duc
es
a b
rin
e
that
sets
off
and
sust
ains
the
melt
ing
acti
on o
f so
dium
chlo
ride
over
a
longer period (14).
Most of the States in the Basin have issued directives for the use of
deicing salts on their state highway systems in which they detail the
roadway and weather conditions that trigger snow and ice removal operations.
These directives also provide information about the types and amounts of
chemicals that are to be used for different snow and ice conditions. In
Ohio
, f
or e
xamp
le,
the
foll
owin
g qu
anti
ties
of c
hemi
cals
are
used
for
two
highway lanes:
Temperature Road Conditions Chemical Application
-7°C
(20°
F) o
r
Snow
cove
red
136
to 2
72 k
g (3
00 t
o
above and rising or Slushy 600 lb) of salt per
1.61 km (mile).
-7°C (20°F) or Dry Snow on Plow - no chemicals
below and falling dry pavement
—7°C
(20°
F) o
r
Pave
ment
wet
136
to 2
72 k
g (3
00 t
o
belo
w an
d fa
llin
g
or f
reez
ing
600
lb)
of c
alci
um-s
alt
mixture per 1.61 km (mile)
12
 Temperature
Road
Conditions
Chemical
Application
—12°C
(10°F)
or
Packed
snow
or
ice
Remove
snow
and
apply
below
abrasives.
Apply
calcium-salt mixture
at above rates later.
The
chemicals
are
applied
to
the
middle
one-third
of
the
pavement.
When
conditions
warrant
it,
calcium
chloride
is
added
to
the
sodium
chloride
for
increased
efficiency.
For
the
7,562
kilometers
(4,700
miles)
of
State
highways
in
the
northern
counties
of
Ohio
that
are
in
the
Great
Lakes
Basin,
over
162,000
metric
tons
(179,000
tons)
of
salt
were
used
d
ur
i
n
g
the
W
i
n
t
e
r
of
1
9
7
3
-
7
4
for
s
n
o
w
and
ice
removal.
Various
substances
are
frequently
added
to
sodium
chloride
and
calcium
chloride
to
prevent
caking,
inhibit
corrosion
and
to
mark
the
salt.
It
is
unknown
at
this
time
whether
these
chemicals
can
create
additional
pollution
problems.
One
additive
is
ferric
ferrocyanide
or
commonly,
Prussian
blue
(Fe4(Fe(CN)
)
),
which
is
added
to
salt
to
pre-
vent
caking.
This
appears
to
have
no
toxic
effect
(19).
Sodium
ferrocyanide
is
also
used
as
an
anti-caking
agent
in
salt.
Sodium
ferrocyanide's
common
name
is
Yellow
Prussiate
of
Soda
and
has
the
chemical
formula
(Na4Fe(CN)
-lOH
0).
It
is
quite
soluble
in
water
and
will
generate cyanide
in
the
presence
of
sunlight
(11).
Another
additive
contains
an
agent
that
provides
an
electrical
and
physical
barrier
to
corrosion.
The
material
is
mixed
at
the
mine
and
contains
sodium
chromate,
a
hexavalent
form
of
chromium.
A
concentration
of
0.4%
of
sodium
chromate
in
salt
will
result
in
a
chromium
to
chloride
ratio
of
0.002;
a
hexavalent
chromium
concentration
of
0.05
mg/l
would
be
reached
at
a
chloride
content
of
25
mg/l.
A
water
supply
influenced
by
runoff
or
seepage
from
a
chromate
treated
salt
would
be
adversely
affected
by
the
chromium
long
before
the
chloride
became
a
problem
(19).
Studies
conducted
by
Hanes,
et.al.
(ll),
concluded
the
major
rivers
in
the
north-central
and
northeastern
United
States
are
not
seriously
affected
by
deicing
salts
applied
to
highways,
and
that
it
is
the
imme-
diate
roadside
areas
that
are
most
seriously
affected
by
the
salt.
They
presented
data
for
the
chloride
content
of
major
rivers
draining
that
portion
of
the
United
States
receiving
the
bulk
of
deicing
salt.
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An example of a change in this delicate balance can be found in a
tributary of the Genesee River in New York.
As a result of high sodium
chloride concentrations, primarily due to highway deicing salt runoff, the
stream was changed from a trout stream to a stream dominated by salt
tolerant species.
The stream contained between 1% and 4% sodium chloride
(10,000 mg/l to 40,000 mg/l).
Studies by Pollock and Toler (18) have shown that chloride concentra-
tions in groundwater aquifers at test sites near highways, and analyses of
water from wells near heavily salted highways and salt storage sites,
indicate that a significant part of the salt applied to roadways is
entering the groundwater system. Little, if any, dilution and mixing with
native groundwater can occur because of the nonturbulent flow that prevails
in the aquifer.
From the data obtained by Pollock and Toler (18), more knowledgeable
decisions can be made regarding the location of highways to avoid areas of
greatest potential danger to water supplies and the environment; the design
of highway drainage systems to divert deicing chemicals along the least
hazardous route; the selection of optimum application rates of deicing
chemicals to ensure adequate deicing with minimum deterioration of water
supplies; and prediction of maximum or minimum effect on the environment
under various conditions.
3.4.4 Other Pollutants
3.4.4.1 Heavy Metals
Although some of the sources of heavy metalsin the surface
runoff from highways and roads have been identified, the contribution of
each source to the total amount of a particular metal cannot be quantified.
A few studies have attempted to identify and quantify the heavy
metal content in the surface runoff from urban streets (17,20), but very
little research has been done to assess the magnitude of the problem asso-
ciated with highways and roads. A portion of the results of a modest
sampling program conducted on city streets, rural roads, and highways and
at an airfield in the San Francisco Bay Area are presented in Tables 2 and
3 (22). These results generally indicate that city streets have higher
concentrations of lead, zinc and copper; while highways have the highest
concentrations of cadmium; and highways and roads have the higher concen-
trations of nickel and strontium. The values for airports are quite similar
to the values for road surfaces.
In terms of loadings, the highway surfaces have the highest
values; probably reflecting the higher particulate loadings on these
surfaces.
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3.4.4.2 Miscellaneous Pollutants
There
are
several
miscellaneous
pollutants
from
highway
activities
such
as
roadside
litter,
wastes
from
dead
animals,
nutrients,
organic
wastes,
spills
and
oils
that
also
have
some
impact
on
water
quality.
However,
it
is
generally
felt
that
these
pollutants
are
not
significant
when
compared
to
the
values
generated
from
other
sources
in
other
categories
of
land
use;
and,
as
a
result,
these
have
received
very
little
attention.
As
it
is
very
recently
that
any
assessments
of
the
impact
of
surface
runoff
from
transportation
activities
on
water
quality
have
been attempted;
it
is reasonable
to assume
that
the
impact
from
these miscellaneous
sources
will
be determined
after some
of
the more
obvious
and
significant
pollutants
are investigated
and
assessed.
3.5 Transport Mechanisms of Pollutants
Contaminants from the surfaces of transportation facilities are
washed into nearby receiving waters with the surface runoff generated by
precipitation.
Several mechanisms operate to remove the pollutants from
the surface. The impact of raindrops, the emulsifying action of tires on
highways and airports, and sheet flow act to provide good mixing and a
continuous replenishment of fresh water to help dissolve soluble pollu-
tants; while they also help dislodge particulates from the surface and
carry them off as suspended material (21).
The sheet flow accumulates in drainage facilities constructed along
the rights-of-way where it is conveyed rapidly to nearby water courses.
Some of the runoff may infiltrate in the soil surfaces to replenish the
soil moisture; or it may percolate through the subsoils to reach the
groundwaters.
3.6 Natural Removal Mechanisms
There are several natural mechanisms that act to reduce the potential
pollution from land use activities related to transportation. Some of
these mechanisms prevent possible pollutants from being removed from their
source, while others act to remove pollutants between their source and
their disposal in water courses.
Vegetation acts to reduce erosion from a soil surface by reducing the
impact energy of precipitation, by acting as a soil binder, by reducing
the energy of surface runoff and by increasing the infiltration capacity
of the soil.
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ra
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3.9
Review
of
Institutional
Arrangements
to
Control
Pollution
Because
most
transportation
facilities
come
under
different
public
jurisdictions,
State
level
management
and
control
has
been
limited
to
certain
forms
of
transport
facilities,
such
as
state
highways
and
public
utilities.
Likewise,
State
regulations
tend
not
to
apply
to
interstate
facilities,
such
as
railroads
or
airports,
which
come
under
the
Interstate
Commerce
Commission's
perview,
and
are
thus
subject
to
Federal
rules
and
regulations
concerning
their
environmental
impacts
and
responsibilities
under
the
U.S.
Environmental
Protection
Agency's
statutes
and
procedures.
Throughout
most
of
the
eight
Great
Lakes
Basin
States,
there
have
been
few,
if
any,
State
level
management
proceedings
to
regulate
non-point
source
aspects
of
highways,
railroads,
or
utility
lines,
except
as
they
may
be
affected
by
general
regulations
controlling
pesticide
usage,
sedimentation,
and
possibly
certain
regulations
limiting
solid
waste
dis-
posal
activities
(16).
Mention
should
be
made
of
the
potential
utility
of
environmental
impact
statements
for
new
transport
construction
starts
for
addressing
these
issues.
By
utilizing
EIS
procedures,
states
can
begin
to
require
preventive
measures
limiting
the
drainage
of
these
materials
to
surface and groundwaters.
In
the
states
with
sedimentation
control
procedures,
such
as
Michigan,
Ohio,
and
Pennsylvania,
sedimentation
resulting
from
the
construction
of
transport
systems,
such
as
highways,
railroads,
airports,
and
utility
lines,
can be limited.
In
fact,
Michigan's
plan
specifically
requires
that
transport
land
use
activities
utilize
sedimentation
control
plans,
recognizing
the
poten-
tial
for
these
land
use
categories
to
generate
significant
sedimentation
loads
(15).
In
the
five
other
states
voluntary
advisory
channels
are
available
to
provide
temporary
impoundments
at
highway
construction
sites
to
prevent
siltation
of
waterways.
Yet,
voluntary
actions
alone
may
not
be
sufficient
to
curb
sedimentation.
Likewise,
the
states
with
sedimen-
tation
control
ordinances
are
focusing
principally
on
new
construction
starts
and
will
not
affect
already
existing
highway
facilities
which
may,
due
to
their
design,
result
in
significant
yearly
loading
of
sediments
in
nearby surface waters.
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con
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-po
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l b
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pro
cee
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con
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pro
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.
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Section 4
SUMMARY
OF
ONGOING
AND
PROPOSED
RESEARCH
The
impact
f
r
o
m
c
o
n
s
t
r
uc
t
i
o
n
,
o
p
e
r
a
t
i
o
n
,
and
m
a
i
n
t
e
n
a
n
c
e
of
the
h
i
g
h
w
a
y
s
y
s
t
e
m
on
w
a
t
e
r
q
u
a
l
i
t
y
is
the
s
ub
j
e
c
t
of
c
u
r
r
e
n
t
s
t
ud
y
by
the
Environmental
Protection
Agency
(EPA),
the
Federal
Highway
Administration
(FHWA),
and
several
state
departments
of
transportation.
Previous
and
on-going
work
have
dealt
with
various
segments
of
the
interaction
of
highway
runoff
and
water
quality
and
have
often
been
of
a
limited
or
exploratory
nature.
Such
information
as
effects
of
sediments
or
deicing
chemicals,
results
from
highway
construction,
street
runoff,
urban
freeway
runoff,
and
other
related
subjects
have
been
or
are
being
investigated,
to
varying
degrees.
A
study
to
develop
a
method
for
predicting
the
increase
in
sediment
loading
in
a
stream
resulting
from
highway
construction
is
the
subject
of
a
Pennsylvania
Highway
Planning
and
Research
study
at
Bucknell
University.
The
study
involves
collection,
interpretation,
and
synthesis
of
turbidity,
rainfall,
construction,
and
stream
discharge
data.
These
data
will
be
used
to
develop
a
mathematical
model
of
a
specific
system--the
construc-
tion
of
Interstate
Route
80
through
White
Deer
Creek
Basin.
Data
collection
began
in
early
1968
preceding
construction
of
the
highway
and
the
collection
continued
through
completion
of
the
highway
in
late
1970.
Data
on
sediment
concentration,
turbidity,
chloride
con-
centrations,
and
hydrologic
conditions
are
being
compiled
and
analyzed.
Some
results
from
this
project
are
already
available
and
the
final
report
is expected in 1974 (24).
Additional
studies
on
highway
construction,
erosion,
and
acid
and
iron
pollution
abatement
are
underway
for
the
Pennsylvania
Department
of
Transportation.
A
study
jointly
conducted
by
the
U.S.
Geological
Survey
and
the
Massachusetts
Department
of
Public
Works
which
deals
with
the
"Effects
of
Deicing
Chemicals
Upon
Surface
and
Ground
Water"
has
been
underway
since
early
1971.
The
objective
of
the
study
is
to
isolate
and
study
the
mechanics
and
transport
of
highway
deicing
chemicals
by
surface
and
ground
water
in
relation
to
geologic,
hydrologic,
and
highway
maintenance
condi-
tions.
Eight
stream
sites
(surface
water)
and
seven
ground
water
sites
have
been
installed
and
instrumented
to
monitor
chloride
content
and
movement.
A
research
study
by
the
California
Division
of
Highways
on
the
influence
of
highways
on
water
quality
commenced
during
Fiscal
Year
1973.
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Section 5
AVAILABILITY OF TECHNOLOGY TO CONTROL POLLUTION
 
5.1 Nature of Existing Technology
There
are several
techniques
that can
be used
to control
pollution
from non-point
sources,
and
some
of
these
have
been
applied very
success-
fully to those land use activities that are associated with the transpor-
tation sector.
One technique is the modification of the source of the pollutant by
either eliminating the contaminant from the source, or by substituting a
non-polluting material for it.
This type of modification has been
attempted recently with the development of lead free and low-leaded
gasolines, and the development of systems to control exhaust emissions
from internal combusion engines.
Among other benefits, it is anticipated
that these developments will help reduce heavy metals and other pollutants
in highway runoffs.
The substitution of biological pesticides and herbi-
cides for chlorinated hydrocarbons is another example of an attempt to
help reduce pollution by this type of technique.
Another method used to control pollution from non-point sources
involves binding the potential pollutant to its source so that it cannot
be discharged with the surface runoff. Erosion control by soil stabili-
zation, mulches and vegetation to limit sediment movement are examples of
the application of this technique.
Treatment processes are not used too frequently to control pollution
from non-point sources, but erosion control structures used during site
clearing and construction activities at highway sites have proven very
effective.
5.2 Management Practices
Most of the management practices used to control pollution from
transportation activities have been described in other sections of this
report. These types of controls are generally directed at limiting the
amount or type ofmaterials used during the construction, operation, or
maintenance of transportation facilities. Existing State management
schemes are limited to herbicide and pesticide control, and sedimentation
control, but all States in the Basin attempt to optimize their use of
deicing chemicals to limit the potential environmental problems from
this activity.
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 Section 6
NEED FOR ADDITIONAL RESEARCH
Much of the research that has been directed at problems associated
with pollution caused by transportation activities has only been completed
during the past five years; and most of this work has been limited to
areas related to highway construction, operation and maintenance. Several
of these studies have dealt with the interactions between highway runoff
and water quality, and have often been of a limited or exploratory nature.
In addition, many of the more significant efforts have been directed at
runoff from urban streets, and little work has been directed at highways
and county roads.
Thus, there is simply not enough information yet available to assess
the impact that the transportation sector has on the quality of the water
resources in the Great Lakes Basin. Much more work has to be done to
demonstrate and quantify the magnitude of the problems that exist. In
particular, studies on the rates of production of the more significant
pollutants must be performed; projects to quantify the amounts of waste
materials that are produced must be completed; and more work to determine
the impact that surface runoff from railroads, airports and utility lines
have on the environment must be done.
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Section 1
SUMMARY
1.1 IntroductiOn
The land-use category discussed in this report includes pits and open
cuts, mainly for extraction of sand and gravel but also for clay and peat;
quarries for removal of bedrock as crushed stone; open-cut mines for
extraction of iron ore; underground mines for extraction of copper ore,
gypsum, and rock salt; well fields, where brines are pumped for their
content of dissolved salts; and oil fields, where brine is produced as an
unwanted byproduct of oil production. Sand and gravel are produced in all
eight of the Great Lakes states, crushed stone and peat in seven, and clay
in five. Gypsum, salt, and brines are produced in Michigan, Ohio, and
New York. Iron ore is mined chiefly in Minnesota and copper ore exclusively
in Michigan.
Pollutants from these activities include suspended solids, or sediment,
which may enter surface waters, and dissolved salts, which may enter both
surface and ground waters. Of the two, dissolved salts appear to be the
more serious problem.
1.2 Summary
Sand and gravel are recovered at more than 1,000 pits, and crushed stone
at over 170 quarries, distributed throughout the Great Lakes region. Although
some pollution of surface waters undoubtedly occurs, we have found no
reference to the gravel or stone industries as polluters in any of the eight
states.
Production of salt from mines, and of oil and salines from wells, in
Michigan, Ohio, and New Yorkhas resulted in local contamination by chlorides.
The most serious and long-range effects are found in ground waters. In
general, sources of pollution of this type are known, and state regulations
are either in effect or pending.
1.3 Recommendations
We recommend a preliminary survey of the gravel and stone industries,
aimed at determining their seriousness as pollutants. Perhaps a random
"spot check" of a few score of pits and quarries would indicate whether a
wide-ranging system of monitoring ought to be established.
We also recommend continuing study of the problem of how to dispose of
unwanted brines. This problem, serious now, will become more so in the future,
when the production of salt and salt-derived chemicals will increase greatly.
All possible methods of disposal should be evaluated.
-1-
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Section 2
SUPPORTING MATERIAL
2.1 Introduction
In this report we discuss the effect on the quality of surface and
underground waters of the extraction of earth materials from pits, quarries,
mines, and well fields. The materials discussed include seven "industrial
minerals,” namely sand and gravel, stone, clay, peat, gypsum, rock salt,
and brines; and the ores of two metals, iron and c0pper. Although the
production of these materials in the Great Lakes region is very large, both
by tonnage and by value, of more significance to this study are the number and
distribution of extractive sites. As sh0wn in Table l, sand, gravel, and
stone are produced commercially at more than 1,200 localities. No single
deposit accounts for more than a fraction of one percent of the total. Clay
and peat are similarly dispersed, though on a far smaller scale. Gypsum,
rock salt, brine, and the two metals are more limited in geological occurrence
and therefore in number of extractive operations.
2.2 Scope of the Study
Information for the report was obtained from the state geological
surveys of Minnesota, Wisconsin, Michigan, Indiana, Ohio, and New York.
For Michigan -- the only state entirely within the Great Lakes Basin --
this contact was exceptionally valuable, because the Geological Survey
Division of the Natural Resources Department is the administering agency of
the state's Mine Reclamation Act and Mineral Well Act. We also received
publications, letters, or telephone assistance from the Ohio EPA, the Water
Resources Division of the U.S. Geological Survey, the New York State
Department of Environmental Conservation, the Genesee - Finger Lakes Regional
Planning Board, the Minnesota Pollution Control Agency, and the Robert S.
Kerr Water Research Center of the U.S. EPA.
A prime source of information on
the nature and distribution of the mineral industry was the Minerals Yearbook
(U.S. Bureau of Mines, 1972).
2.3 Study Procedure
The work was divided among the five members of the study group, with
coordination and report-writing being handled by the principal investigator.
Contacts with personnel of state and Federal organizations were made by
phone, and a number of the persons called then furnished us with pertinent
reports, both published and unpublished.
In general, literature sources
reviewed were those already known to the study group or suggested to them by
those interviewed. The assumption was made that, for a rapid overview such
as the present report, such procedure would be adequate.
  
Section 3
REVIEW OF FINDINGS OF PREVIOUS STUDIES
3.1 General Description of Land-Use Category
3.1.1 Extractive Industries Other Than Salt and Brines
In terms of tonnage, gross value, and number of extractive operations,
by far the most important mineral resource of the Great Lakes Basin is sand
and gravel. These materials are used solely as aggregate in concrete.
Because they command only a low price per ton, sand and gravel will not bear
high transportation costs and must be produced close to their point of use.
Thus there are hundreds of pits, scattered throughout the region, each
supplying a local market (Table 1).
 
A close second in gross tonnage is crushed stone. In the Great Lakes
region, nearly all this stone is limestone or its close relative, dolomite.
Much is used as aggregate in concrete, but large tonnages also go into the
manufacture of cement, lime, refractories, and steel. The clay that occurs
in the region is common clay; no high-quality china clays or other premium
varieties are known. Between 80 and 90 percent of the clay produced in
Michigan and in the northward-draining counties of Ohio -- the major producing
states -- went into the manufacture of portland cement, and was thus captive
production of cement companies. Most of the remainder was used for ordinary
brick and tile, and for expanded or lightweight aggregate. Peat -- nominally
a fuel, but used in this country as a soil conditioner and potting medium --
is produced in small operations in seven of the eight Great Lakes states.
Gypsum is produced at two mines and two quarries in Michigan, the
nation's leading state in gypsum production; at one mine and one quarry in
Ohio; and at three mines in New York. Wallboard-manufacturing plants are
located adjacent to most of the mines and quarries. The gypsum is taken
directly to the plant, where it is crushed, ground, and calcined. A little
gypsum is used as a retarder in portland cement.
Surface mining for iron has long taken place in Minnesota (Vermilion
and Mesabi ranges), Michigan (Gogebic), and Michigan (Menominee, Marquette).
The Mesabi Range today produces about 75 percent of U.S. iron ore, the other
ranges being relatively inactive. Copper mining is confined to one underground
mine on the Upper Peninsula of Michigan.
 TABLE
1 - E
XTRAC
TIVE
INDUS
TRIES
OF TH
E GRE
AT LA
KES B
ASIN,
1970l
/
(Exclu
sive o
f Oil
and Ga
s)
Commodity
MINN.
WIS. I
LL. M
ICH. I
ND. O
HIO
PA. N
.Y. T
otal
Sand
-and
-
gravel pits
61 230
13 453
57+ 109
1 113+
1038+
Crushed-stone
/
quarries . . .
1 88
3 27¢2
9c 27
16c 17 1+
Clay pits....
2 2 16
2 5
27
 
Peat bogs
....
20
1c 2
c ll
c
4c 1
3c
24+
Gypsum
mines
or quarries 4 2 3 9
Salt mine
s...
1
2
2
5
Brine
fields.
6c
2c
3c
11+
Iron mines
(open-pit)
.
1c
10
Copper
mine..
1
1
         
l/Data ar
e only fo
r those c
ounties i
n each st
ate that
are wholl
y or part
ly in the
Great Lak
es Basin.
2/For som
e states,
only the
number of
counties
can be ta
bulated.
Numbers d
esignatin
g countie
s are
followed by the letter c.
Source: Minerals Yearbook 1970 (U.S. Bur. Mines, 1972).
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3.1.2 Salt and Brines
Thick beds of rock salt underlie the southern peninsula of Michigan,
the
northeastern counties of Ohio, much of western Pennsylvania,
and New York
south of
a line approximately
from Syracuse via
Rochester
to
the southwestern
corner of the state.
These salt beds constitute a valuable mineral resource,
which is mined in underground workings at one locality in Michigan, two in
Ohio, and two in New York.
The salt produced is used for ice control on
streets
and highways, and in the chemical and food industries.
As geologic time has passed, waters have come into underground contact
with the salt beds and have dissolved salt, forming brines.
These brines are
valuable mineral resources.
Naturally occurring brines are pumped to the
surface in an area of central Michigan centering around Midland, and in Mason
and Manistee counties on the western edge of the state. At these places the
brines yield not only sodium and chlorine, the constituents of common salt,
but also numerous other elements, such as bromine, iodine, magnesium.
At
other localities, notably Painesville in northeastern Ohio, and at the south
end of Seneca Lake, New York, wells are drilled to the rock salt, water is
pumped down to dissolve it, and the resulting "artificial brine” is brought
to the surface. Here it is evaporated to yield salt, or it may be pumped
directly into a manufacturing complex, where it forms the raw material for
production of sodium chemicals and chlorine chemicals.
Much brine is also brought to the surface as an unwanted byproduct in
the production of oil, in the oil fields of Michigan, Ohio, and New York.
These brines have been locally sprayed on rural roads for dust control, but
most of them constitute a waste that must be disposed of.
 
3.2 Historical Development of Extractive Industries
Large-scale production of sand and gravel began after the introduction
of steel-frame construction in 1885, which brought with it a demand for
concrete. Extraction of crushed stone started somewhat later, after develop-
ment of such equipment as crushing machinery, the steam drill, and dependable
explosives. Tremendous expansion of the aggregates industry has taken place
since World War II, as a result of the boom in housing, commercial and
industrial building, construction of highways and airports, and similar uses
of concrete.
By contrast, clay, gypsum, and salt have uses that go far back into
antiquity, and all have been extracted since shortly after the first white
men came into the Great Lakes region. Clay yielded brick and tile, and
gypsum gave plaster and mortar, for the early builders. The Onondaga salt
springs, near Syracuse, New York, were known in 1788, and soon thereafter salt
was being produced by evaporating the brine in kettles over fires. Wells were
later dug for the brine. By the mid-18005, 140,960,000 litres (4 million
bushels) of salt was being produced annually. Natural brines at Saginaw,
Michigan, were tapped in 1860; they were especially well situated for the
meat-packing industry of Chicago. Production of salt and brines in Ohio has
a similarly long history.
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 The following paragraphs are quoted from a letter of March 14, 1974,
from E. K. Davison, Director of Environmental Affairs of the National Sand
and Gravel Association. In cooperation with a man from the EPA, Mr. Davison
“solicited information on discharges from a number of our member companies
around the country.II
I found in my limited survey that in abOut one-fourth of
those operations which discharge into a public watercourse
the discharge is simply a pump-down to keep a pit dry or,
more usually, to evacuate excess water, rather than a
discharge of wash-water from the screening plant. Such
pumps appear to be well removed from portions of pits used
for receiving screening plant washwater.
The few analyses of pump-down discharges that I received
indicated that suspended solids contents exceeding about
12 to 15 mg/l would be unusual. Analyses furnished me
for discharges involving settling ponds for process water
(as distinguished from pump-down discharges) showed a
median suspended solids content of 139 mg/l. These were
mostly "one-shot” samples taken for filling out the permit
applications under the Refuse Act Program. One of the EPA
Regional Offices in a study of both sand and gravel and
crushed stone operations found a median of 55 mg/l for
suspended solids. This particular report corroborated the
observation of both the EPA Effluent Guidelines man and this
Association office that volumes of discharges related to
tons of production vary so widely that only the pollutant
concentration method, as distinguished from loading per unit
of production, is practical. Suspended solids and pH are the
usual parameters of concern. The pH is no problem in discharges
from sand and gravel operations.
I have never heard of any concern or contamination of
underground water provided the pits or ponds are receiving
only prOcess water from sand and gravel handling.
Pollution of waters by the sand and gravel industry may be appreciable,
but if so it is largely unrecognized. In the sources consulted for this
report, we have found hardly any mention of this subject. It seems to have
given rise to little if any regulatory legislation.
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a
r
d
s
t
h
a
t
a
p
p
l
y
to
la
ke
s
an
d
ba
ys
,
o
n
l
y
to
s
t
r
e
a
m
s
.
It
is
n
o
t
p
o
s
s
i
b
l
e
to
g
e
n
e
r
a
l
i
z
e
f
r
o
m
o
n
e
gy
ps
um
m
i
n
e
to
ot
he
rs
,
as
th
e
am
ou
nt
an
d
na
tu
re
of
wa
t
e
r
wi
ll
va
ry
wi
t
h
th
e
lo
ca
l
co
nd
it
io
ns
.
W
a
t
e
r
pu
mp
ed
fr
om
a
gy
ps
um
m
i
n
e
in
we
s
t
e
r
n
N
e
w
Yo
rk
,
fo
r
an
ex
am
pl
e,
is
pu
re
en
ou
gh
to
be
di
ve
rt
ed
,
by
co
nt
ra
ct
wi
t
h
th
e
st
at
e,
in
to
a
st
re
am
at
a
gu
ar
an
te
ed
ra
te
of
5,
67
7
li
te
rs
(1
50
0
ga
ll
on
s)
pe
r
m
i
n
ut
e
(R
.
Ru
nv
ik
,
U.
S.
G
yp
s
um
Co
.,
pe
rs
on
al
co
mm
un
ic
at
io
n)
.
Co
al
wa
s
at
on
e
ti
me
m
i
n
e
d
by
un
de
rg
ro
un
d
me
th
od
s
in
Ba
y,
Ge
ne
se
e,
Hu
ro
n,
Mi
dl
an
d,
Sa
gi
na
w,
an
d
T
us
c
o
l
a
co
un
ti
es
[M
ic
hi
ga
n]
fr
om
th
e
Sa
gi
na
w
Fo
rm
at
io
n
of
th
e
P
e
n
n
s
yl
va
n
i
a
n
Sy
st
em
.
Co
al
pr
od
uc
ti
on
ce
as
ed
du
e
to
th
e
th
in
ne
ss
of
th
e
co
al
be
ds
,
th
e
lo
w
gr
ad
e
an
d
hi
gh
su
lp
hu
r
co
nt
en
to
f
th
e
co
al
,
an
d
th
e
hi
gh
co
st
of
un
de
rg
ro
un
d
mi
ni
ng
.
No
fu
tu
re
co
al
pr
od
uc
ti
on
is
an
ti
ci
pa
te
d
(U
.S
.
Bu
re
au
of
Mi
ne
s,
19
71
,
p. 5-127).
Ef
fe
ct
s,
if
an
y,
of
th
e
di
sc
on
ti
nu
ed
mi
ne
s
on
th
e
qu
al
it
y
of
wa
te
rs
is
no
t
kn
ow
n.
De
le
te
ri
ou
s
ef
fe
ct
s
of
ex
pl
or
at
or
y
dr
il
l
ho
le
s
ar
e
di
sc
us
se
d
in
Section 3.5.
 3.3.
2 E
xtra
ctio
n of
Salt
and
Brin
es
hf
Unlike sand, gravel, and the other relatively inert substances discussed
in the preceding section, salt is readily dissolved in the earth's waters,
and
the
resu
ltin
g br
ines
are
chem
ical
ly a
ctiv
e.
When
disc
harg
ed o
n th
e
v
grou
nd s
urfa
ce,
they
ster
iliz
e th
e so
il a
nd k
ill
vege
tati
on;
if d
isch
arge
d
into
a wa
ter
supp
ly,
they
give
an u
ndes
irab
le s
alty
tast
e to
drin
king
wate
r.
Thus
"chl
orid
e co
ntam
inat
ion"
is a
seri
ous
and
cont
inui
ng p
robl
em i
n br
ine
fiel
ds,
and
also
at s
alt
mine
s wh
ere
mine
seep
age
must
be d
isp0
sed
of.
h
Was
te
bri
nes
hav
e t
rad
iti
ona
lly
bee
n f
lush
ed
into
str
eam
s o
r l
akes
.
For
exam
ple
, b
rin
e h
as
bee
n d
isc
har
ged
into
the
sout
h e
nd
of
Sen
eca
Lake
, N
ew
94
York
, f
or n
ear
ly
100
year
s;
in
addi
tion
, o
per
ati
ona
l l
eaka
ges,
spi
lla
ges
,
jf
and
the
for
mer
pra
cti
ce
of
sto
ckp
ili
ng
sal
t h
ave
und
oub
ted
ly
con
tri
but
ed
{j
chlo
ride
s to
the
lake
.
‘
   
Sen
eca
Lak
e h
ad
an
ave
rag
e
chl
ori
de
con
ten
t o
f
abO
ut
100
mg
/l
fr
om
ab
out
192
0,
wh
en
fir
st
an
al
yze
d,
to
196
0.
Fr
om
19
60
to
197
0,
ch
lo
ri
de
s
in
cr
ea
se
d
to
abo
ut
200
mg
/l
.
Sin
ce
19
70
th
er
e
ha
s
be
en
a
le
ve
ll
in
g
off
or
sli
ght
de
cl
in
e
in
ch
lo
ri
de
.
Sal
t-p
lan
t o
per
ati
ons
(po
ssi
bly
inc
lud
ing
lea
ky
aba
ndo
ned
sal
t
we
ll
s)
are
su
sp
ec
te
d
cau
ses
(R.
M.
Wa
ll
er
,
U.S
.
Geo
l.
Sur
vey
,
personal communication).
Ne
wl
y
es
ta
bl
is
he
d
st
an
da
rd
s
co
nt
ro
ll
in
g
st
re
am
po
ll
ut
io
n
in
Ne
w
Yo
rk
,
di
sc
us
se
d
in
Se
ct
io
n
3.
9.
3,
wi
ll
el
im
in
at
e
di
sp
os
al
of
br
in
es
in
to
st
re
am
s
in that state.
Wa
st
e
br
in
es
ma
y
be
pu
mp
ed
in
to
po
nd
s,
in
th
e
ho
pe
th
at
th
e
wa
te
r
fr
ac
ti
on
wi
ll
ev
ap
or
at
e
an
d
th
e
sa
lt
s
re
ma
in
as
pr
ec
ip
it
at
es
.
Th
is
pr
ac
ti
ce
,
ho
we
ve
r,
is
su
cc
es
sf
ul
on
ly
in
ar
id
or
se
mi
-a
ri
d
re
gi
on
s,
wh
er
e
ev
ap
or
at
io
n
ex
ce
ed
s
ra
in
fa
ll
(U
.S
.
EP
A
Re
pt
.
EP
A-
43
0/
9-
73
-O
ll
,
p.
94
).
Un
de
r
th
e
Gr
ea
t
La
ke
s
cl
im
at
e,
ev
ap
or
at
io
n
is
sl
ow
an
d
mu
ch
of
th
e
br
in
e
in
fi
lt
ra
te
s
in
to
th
e
gr
ou
nd
-w
at
er
su
pp
ly
.
Le
ak
ag
e
an
d
fi
lt
ra
ti
on
th
ro
ug
h
th
e
di
ke
s
at
ev
ap
or
at
io
n
po
nd
s
is
al
so
a
ha
za
rd
.
A
th
ir
d
me
th
od
of
di
sp
os
al
is
to
pu
mp
th
e
br
in
e
ba
ck
in
to
th
e
gr
ou
nd
.
It
ma
y
be
pu
mp
ed
in
to
an
oi
l-
be
ar
in
g
zo
ne
,
wh
er
e
it
ma
y
he
lp
to
re
pr
es
su
re
th
e
re
se
rv
oi
r
an
d
ac
t
as
a
wa
te
r-
fl
oo
d
to
I
mo
ve
mo
re
oi
l
to
wa
rd
we
ll
bo
re
s;
ne
ed
le
ss
to
sa
y,
th
is
is
a
te
ch
ni
qu
e
th
at
re
qu
ir
es
co
ns
id
er
ab
le
sp
ec
ia
li
ze
d
kn
ow
le
dg
e.
Or
,
th
e
br
in
e
ma
y
be
pu
mp
ed
in
to
a
de
ep
po
ro
us
an
d
pe
rm
ea
bl
e
be
d
or
ro
ck
th
at
wi
ll
ab
so
rb
an
d
ho
ld
it
.
Mu
ch
re
ma
in
s
to
be
le
ar
ne
d
ab
ou
t
th
is
te
ch
ni
qu
e.
 
I
L:
:1
“L
xi;
1
ml:
in
i
l
“
4
;
.
3
‘
2
’
-
.
3
4
:
1
9
1
-
1
4
4
.
5
-
7
—
.
=
2
<
:
—
r
th
e
pr
od
uc
ti
on
of
sa
lt
an
d
br
in
es
ap
pe
ar
s
to
be
th
e
mo
st
da
ma
gi
ng
In sum
,
f
th
e
wa
te
r
su
pp
ly
in
th
e
Gr
ea
t
La
ke
s
ex
tr
ac
ti
ve
in
du
st
ry
to
th
e
qu
al
it
y
0
region.
 
   
3.
3.
3
Mi
ni
ng
of
Ir
on
an
d
Co
pp
er
Or
es
Cr
us
hi
ng
,
sc
re
en
in
g,
wa
sh
in
g,
an
d
gr
av
it
y
be
ne
fi
ci
at
io
n
ar
e
th
e
ch
ie
f
pr
oc
es
se
s
th
at
ir
on
or
e
go
es
th
ro
ug
h
at
th
e
mi
ne
.
Th
e
wa
sh
wa
te
r,
mu
ch
of
wh
ic
h
us
ed
to
ru
n
of
f
an
d
pr
od
uc
e
"r
ed
wa
te
r”
in
th
e
st
re
am
s
dr
ai
ni
ng
th
e
Me
sa
bi
and
ot
he
r
ran
ges
,
is
no
w
cl
ar
if
ie
d
in
se
tt
li
ng
pon
ds
and
is
re-
use
d.
Th
e
de
ve
lo
pm
en
t
of
cl
os
ed
-w
at
er
sy
st
em
s
in
th
e
ta
il
in
gs
-d
is
po
sa
l
ar
ea
s
ha
s
be
en
no
ta
bl
y
su
cc
es
sf
ul
in
re
du
ci
ng
po
ll
ut
io
n
(R.
K.
Ho
gb
er
g,
Mi
nn
es
ot
a
Ge
ol
og
ic
al
Su
rv
ey
,
pe
rs
on
al
co
mm
un
ic
at
io
n)
.
Th
e
St.
Lo
ui
s
Ri
ve
r
at
Du
lu
th
sho
ws
the
low
est
lo
ng
ti
me
av
er
ag
e
an
nua
l
se
di
me
nt
yi
el
d
of
any
lar
ge
ri
ve
r
sy
st
em
in
the
Gr
ea
t
La
ke
s
Bas
in:
1 m
et
ri
c
to
n
pe
r
kmz
.
(Th
e
Cu
ya
ho
ga
Ri
ve
r
so
uth
of
Cl
ev
el
an
d
sho
ws
88
me
tr
ic
ton
s
pe
r k
mz
.)
Th
e
St.
Lo
uis
Ri
ve
r
dr
ai
ns
a
la
rg
e
pa
rt
of
th
e
Mi
nn
es
ot
a
ir
on
ra
ng
es
.
Pl
an
ni
ng
su
ba
re
as
1.
1
an
d
1.2
of
the
GLB
C,
wh
ic
h
co
nt
ai
n
the
ir
on
and
co
pp
er
mi
ne
s,
ha
ve
the
low
est
gro
ss
er
os
io
n
ra
te
of
al
l
su
ba
re
as
in
th
e
Ba
si
n,
as
in
di
ca
te
d
in
Ta
bl
e
2.
Th
e
ef
fe
ct
s
of
mi
ni
ng
are
no
t
me
nt
io
ne
d
in
a
st
ud
y
of
su
sp
en
de
d
se
di
me
nt
in
st
re
am
s
tr
ib
ut
ar
y
to
La
ke
Su
pe
ri
or
(Ca
lla
han
,
197
3).
3.
4
As
se
ss
in
g
and
Qu
an
ti
fy
in
g
the
Pr
ob
le
ms
To
ass
ess
th
e
ex
te
nt
of
po
ll
ut
io
n
by
the
re
gi
on
's
ex
tr
ac
ti
ve
in
du
st
ri
es
ot
he
r
th
an
sa
lt
and
br
in
es
wo
ul
d
in
vo
lv
e
vi
si
ti
ng
and
in
sp
ec
ti
ng
1,
00
0
to
2,0
00
sep
ara
te
pit
s,
qua
rri
es,
and
min
es.
Mos
t
of
the
pol
lut
ion
wou
ld
be
in
the
fo
rm
of
se
di
me
nt
in
wa
te
r.
Qu
an
ti
fy
in
g
the
ob
se
rv
at
io
ns
wo
ul
d
in
vo
lv
e
mea
sur
ing
the
dis
cha
rge
and
det
erm
ini
ng
the
con
cen
tra
tio
n
of
sus
pen
ded
sol
ids
at
eac
h o
ccu
rre
nce
.
To
be
of
val
ue
for
pur
pos
es
of
com
par
iso
n a
nd
tot
all
ing
,
suc
h m
eas
ure
men
ts
sho
uld
be
tak
en
at
tim
es
of
ave
rag
e o
r
"no
rma
l"
dis
cha
rge
and
pol
lut
ion
.
It
is
dou
btf
ul
whe
the
r
the
res
ult
s
wou
ld
be
rel
iab
le
and
sig
nif
ica
nt
eno
ugh
to
war
ran
t
the
eff
ort
and
exp
ens
e.
Det
erm
ini
ng
a w
ate
r's
chl
ori
de
con
ten
t
is
a r
ela
tiv
ely
sim
ple
pro
ces
s
of
tit
rat
ion
and
is
don
e o
n a
rou
tin
e
bas
is.
It
giv
es
qua
nti
tat
ive
res
ult
s
tha
t
are
com
par
abl
e w
ith
a l
arg
e
bod
y o
f s
imi
lar
ly
exp
res
sed
dat
a
fro
m
wa
te
rs
at
ma
ny
lo
ca
li
ti
es
.
St
an
da
rd
s
of
co
mp
ar
is
on
are
ge
ne
ra
ll
y
kn
ow
n
and
acc
ept
ed.
For
exa
mpl
e,
the
U.S
. P
ubl
ic
Hea
lth
Ser
vic
e
rec
omm
end
s
tha
t
dri
nki
ng
wat
er
con
tai
n n
o m
ore
tha
n
250
mg/
l
of
chl
ori
de.
Thu
s
chl
ori
de
con
tam
ina
tio
n m
ay
be
rea
dil
y a
sse
sse
d a
nd
qua
nti
fie
d.
-10-
 TABLE
2
-
GROSS
EROSION
RATE,
SUBAREAS
1.1
AND
1.2
Tons
per
Acre
per
Year
 
Subarea
Current
1980
2020
1.1
0.33
0.34
0.32
1.2
0.24
0.23
0.22
Source:
Great
Lakes
Basin
Framework
Study, Appendix 18, Table 4, 1970.
   
3
.
5
M
o
b
i
l
i
t
y
o
f
P
o
l
l
u
t
a
n
t
s
T
h
e
m
o
b
i
l
i
t
y
o
f
s
e
d
i
m
e
n
t
d
i
s
c
h
a
r
g
e
d
i
n
t
o
w
a
t
e
r
b
o
d
i
e
s
,
a
s
f
r
o
m
w
a
s
h
i
n
g
p
l
a
n
t
s
a
t
g
r
a
v
e
l
o
r
c
r
u
s
h
e
d
-
s
t
o
n
e
o
p
e
r
a
t
i
o
n
s
,
d
e
p
e
n
d
s
o
n
(
1
)
t
h
e
c
o
a
r
s
e
n
e
s
s
o
f
t
h
e
m
a
t
e
r
i
a
l
,
a
n
d
(
2
)
t
h
e
k
i
n
e
t
i
c
e
n
e
r
g
y
,
i
f
a
n
y
,
o
f
t
h
e
w
a
t
e
r
b
o
d
y
.
S
a
n
d
a
n
d
s
i
l
t
d
i
s
c
h
a
r
g
e
d
i
n
t
o
a
p
o
n
d
o
r
o
t
h
e
r
s
t
a
n
d
i
n
g
w
a
t
e
r
w
i
l
l
s
e
t
t
l
e
p
r
o
m
p
t
l
y
.
C
l
a
y
m
a
y
r
e
m
a
i
n
i
n
s
u
s
p
e
n
s
i
o
n
f
o
r
a
l
o
n
g
t
i
m
e
.
I
f
t
h
e
d
i
s
c
h
a
r
g
e
i
s
i
n
t
o
a
s
t
r
e
a
m
,
n
a
t
u
r
a
l
s
o
r
t
i
n
g
w
i
l
l
t
a
k
e
p
l
a
c
e
:
c
o
a
r
s
e
s
a
n
d
w
i
l
l
s
e
t
t
l
e
n
e
a
r
e
s
t
t
h
e
p
o
i
n
t
o
f
i
n
f
l
o
w
,
a
n
d
s
i
l
t
f
a
r
t
h
e
r
a
w
a
y
;
c
l
a
y
w
i
l
l
v
e
r
y
l
i
k
e
l
y
n
o
t
c
o
m
e
t
o
r
e
s
t
u
n
t
i
l
t
h
e
s
t
r
e
a
m
r
e
a
c
h
e
s
a
b
o
d
y
o
f
q
u
i
e
t
w
a
t
e
r
w
h
e
r
e
e
n
e
r
g
y
i
s
a
t
a
m
i
n
i
m
u
m
a
n
d
s
e
t
t
l
i
n
g
c
a
n
t
a
k
e
p
l
a
c
e
.
S
o
u
r
c
e
s
o
f
s
e
v
e
r
e
p
o
l
l
u
t
i
o
n
b
y
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
s
h
o
u
l
d
b
e
r
e
l
a
t
i
v
e
l
y
e
a
s
y
t
o
s
p
o
t
b
e
c
a
u
s
e
o
f
t
h
e
a
b
o
v
e
-
d
e
s
c
r
i
b
e
d
m
e
t
h
o
d
of dispersal.
B
r
i
n
e
s
a
r
e
h
i
g
h
l
y
m
o
b
i
l
e
.
T
h
o
s
e
b
r
i
n
e
s
t
h
a
t
s
e
e
p
i
n
t
o
s
t
r
e
a
m
s
o
r
l
a
k
e
s
m
a
y
c
a
u
s
e
c
o
n
t
a
m
i
n
a
t
i
o
n
,
o
r
t
h
e
y
m
a
y
u
n
d
e
r
g
o
s
u
c
h
g
r
e
a
t
d
i
l
u
t
i
o
n
b
y
f
r
e
s
h
w
a
t
e
r
s
t
h
a
t
t
h
e
s
t
r
e
a
m
o
r
l
a
k
e
w
a
t
e
r
s
s
h
o
w
o
n
l
y
s
l
i
g
h
t
e
f
f
e
c
t
s
.
T
h
e
c
h
l
o
r
i
d
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
s
t
r
e
a
m
s
d
u
r
i
n
g
l
o
w
f
l
o
w
t
h
r
o
u
g
h
o
u
t
M
i
c
h
i
g
a
n
r
a
r
e
l
y
e
x
c
e
e
d
s
3
5
m
g
/
l
,
e
v
e
n
t
h
o
u
g
h
b
r
i
n
e
s
a
r
e
p
r
e
s
e
n
t
i
n
t
h
e
s
h
a
1
1
0
w
s
u
b
s
u
r
f
a
c
e
o
f
m
u
c
h
o
f
the state.
W
a
t
e
r
s
t
h
a
t
r
e
m
a
i
n
u
n
d
e
r
g
r
o
u
n
d
c
a
n
h
a
r
d
l
y
p
u
r
g
e
t
h
e
m
s
e
l
v
e
s
.
I
f
f
r
e
s
h
w
a
t
e
r
s
b
e
c
o
m
e
c
o
n
t
a
m
i
n
a
t
e
d
w
i
t
h
c
h
l
o
r
i
d
e
,
t
h
e
y
m
a
y
r
e
m
a
i
n
c
o
n
t
a
m
i
n
a
t
e
d
i
n
-
d
e
f
i
n
i
t
e
l
y
.
U
n
d
e
r
n
a
t
u
r
a
l
c
o
n
d
i
t
i
o
n
s
,
u
n
d
e
r
g
r
o
u
n
d
w
a
t
e
r
s
g
e
n
e
r
a
l
l
y
m
o
v
e
v
e
r
y
s
l
o
w
l
y
;
b
u
t
w
h
e
n
m
a
n
e
n
t
e
r
s
t
h
e
p
i
c
t
u
r
e
h
e
m
a
y
u
p
s
e
t
t
h
e
h
y
d
r
o
s
t
a
t
i
c
e
q
u
i
l
i
b
r
i
u
m
,
c
a
u
s
i
n
g
r
a
p
i
d
m
i
g
r
a
t
i
o
n
o
f
b
r
i
n
e
s
i
n
t
o
f
r
e
s
h
-
w
a
t
e
r
z
o
n
e
s
.
F
r
o
m
1
8
6
0
o
n
,
h
u
n
d
r
e
d
s
o
f
w
e
l
l
s
w
e
r
e
d
r
i
l
l
e
d
i
n
t
h
e
S
a
g
i
n
a
w
V
a
l
l
e
y
o
f
M
i
c
h
i
g
a
n
,
i
n
t
h
e
s
e
a
r
c
h
f
o
r
c
o
a
l
a
n
d
v
a
l
u
a
b
l
e
b
r
i
n
e
s
.
F
e
w
i
f
a
n
y
o
f
t
h
e
s
e
w
e
l
l
s
w
e
r
e
l
i
n
e
d
w
i
t
h
c
a
s
i
n
g
,
w
i
t
h
t
h
e
r
e
s
u
l
t
t
h
a
t
t
h
e
y
s
e
r
v
e
d
a
s
c
o
n
d
u
i
t
s
t
h
r
o
u
g
h
w
h
i
c
h
h
i
g
h
l
y
m
i
n
e
r
a
l
i
z
e
d
b
r
i
n
e
s
f
r
o
m
d
e
e
p
i
n
t
h
e
r
o
c
k
s
r
o
s
e
a
n
d
m
i
x
e
d
w
i
t
h
n
e
a
r
-
s
u
r
f
a
c
e
f
r
e
s
h
w
a
t
e
r
s
.
D
e
t
e
r
i
o
r
a
t
i
o
n
o
f
g
r
o
u
n
d
—
w
a
t
e
r
q
u
a
l
i
t
y
w
a
s
n
o
t
i
c
e
d
a
t
S
a
g
i
n
a
w
a
s
e
a
r
l
y
a
s
1
9
0
6
(
B
o
w
m
a
n
,
1
9
0
6
)
;
i
t
w
a
s
a
t
t
r
i
b
u
t
e
d
t
o
a
b
a
n
d
o
n
e
d
b
r
i
n
e
w
e
l
l
s
.
A
t
L
o
w
e
l
l
,
n
e
a
r
G
r
a
n
d
R
a
p
i
d
s
,
K
e
n
t
C
o
u
n
t
y
,
t
h
e
c
h
l
o
r
i
d
e
c
o
n
t
e
n
t
i
n
a
m
u
n
i
c
i
p
a
l
w
e
l
l
i
n
c
r
e
a
s
e
d
f
r
o
m
a
t
r
a
c
e
i
n
1
9
3
3
t
o
9
2
5
m
g
/
l
i
n
1
9
4
1
.
T
h
e
m
a
j
o
r
c
a
u
s
e
w
a
s
l
e
a
k
a
g
e
o
f
b
r
i
n
e
t
h
r
o
u
g
h
a
b
a
n
d
o
n
e
d
o
i
l
a
n
d
g
a
s
w
e
l
l
s
(
D
e
u
t
s
c
h
,
1
9
6
3
)
.
A
w
e
l
l
d
r
i
l
l
e
d
i
n
L
a
n
s
i
n
g
i
n
1
9
5
6
c
o
n
t
a
i
n
e
d
l
e
s
s
t
h
a
n
1
0
0
m
g
/
l
,
b
u
t
a
f
t
e
r
t
w
o
m
o
n
t
h
s
o
f
o
p
e
r
a
t
i
o
n
t
h
e
c
h
l
o
r
i
d
e
c
o
n
t
e
n
t
h
a
d
r
i
s
e
n
t
o
a
b
o
u
t
9
0
0
m
g
/
l
.
T
h
e
p
r
o
b
a
b
l
e
s
o
u
r
c
e
o
f
c
o
n
t
a
m
i
n
a
t
i
o
n
w
a
s
a
n
a
b
a
n
d
o
n
e
d
b
r
i
n
e
w
e
l
l
(
4
,
5
7
5
m
g
/
l
o
f
s
o
d
i
u
m
c
h
l
o
r
i
d
e
)
,
w
h
i
c
h
h
a
d
b
e
e
n
d
r
i
l
l
e
d
i
n
1
8
6
7
.
S
m
i
t
h
(
1
9
4
4
)
h
a
s
d
e
s
c
r
i
b
e
d
t
h
e
d
e
l
e
t
e
r
i
o
u
s
e
f
f
e
c
t
s
o
f
b
r
i
n
e
m
i
g
r
a
t
i
o
n
o
n
o
v
e
r
l
y
i
n
g
f
r
e
s
h
-
w
a
t
e
r
a
q
u
i
f
e
r
s
i
n
M
i
c
h
i
g
a
n
,
a
n
d
S
m
i
t
h
a
n
d
F
r
y
e
(
1
9
4
5
)
h
a
v
e
r
e
p
o
r
t
e
d
o
n
t
h
e
h
i
s
t
o
r
y
o
f
b
r
i
n
e
c
o
n
t
a
m
i
n
a
t
i
o
n
i
n
t
h
e
S
a
g
i
n
a
w
V
a
l
l
e
y
.
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ﬂMany thousands of shallow shot-holes are drilled each year in Michigan
by oil companies for geophysical testing; borings are made for foundation
work
; an
d ho
les
are
dril
led
by c
emen
t co
mpan
ies
or o
ther
s to
test
the
lime
ston
e be
droc
k.
All
thes
e ho
les
are
unca
sed,
and
many
have
acte
d as
pipe
s
thro
ugh
whic
h mo
bile
brin
es m
ove
upwa
rd.
The
resu
lt h
as b
een
chlo
ride
con-
tamination of water supplies that continues even today.
The gross areal extent of ground-water contamination in southern
Mic
hig
an
is
not
know
n.
Pro
bab
ly
mos
t i
ndi
vid
ual
area
s d
o n
ot
exc
eed
a
few
acre
s.
In
dis
tri
cts
whe
re
gro
und
wat
er
is
pump
ed,
the
res
ult
ing
dec
rea
se
in
hyd
ros
tat
ic
hea
d m
igh
t l
ead
to
mor
e w
ide
spr
ead
con
tam
ina
tio
n,
thr
oug
h
ope
n h
ole
s a
nd
int
er-
aqu
ife
r l
eaka
ge.
?
In
con
sid
era
ble
area
s o
f Wo
od
and
Han
coc
k C
oun
tie
s,
nor
thw
est
ern
Ohio
,
sur
fac
e a
nd
gro
und
wat
ers
hav
e a
hig
her
-th
an-
nor
mal
sal
ini
ty.
Nea
r P
ort
age
,
Woo
d C
oun
ty,
the
Por
tag
e R
ive
r a
t p
erio
ds
of
low
flow
com
mon
ly
con
tai
ns
mor
e
tha
n
150
mg/
l o
f
chl
ori
de.
It
see
ms
ver
y
lik
ely
tha
t c
ont
ami
nat
ion
is
the
res
ult
of
lea
kag
e
of
bri
nes
fro
m t
he
old
Lim
a o
il
and
gas
fie
ld.
Thi
s
fie
ld
was
dis
cov
ere
d i
n
188
4,
rea
che
d i
ts
pea
k o
f p
rod
uct
ion
in
189
6,
and
is
nea
rly
‘
exh
aus
ted
tod
ay.
Acc
ord
ing
to
Ort
on
(18
88)
,
oil
see
ps
int
o w
ell
s
and
ex-
ca
va
ti
on
s
in
the
Fi
nd
la
y
are
a
an
te
da
te
d
di
sc
ov
er
y
by
50
yea
rs.
No
do
ubt
de
ep
br
in
es
ha
ve
be
enm
ov
in
g
up
wa
rd
for
sco
res
of
yea
rs,
in
lar
ge
par
t
vi
a
ol
d
oi
l
an
d
ga
s
we
ll
s
wh
ic
h
we
re
ne
ve
r
ca
se
d
or
in
wh
ic
h
th
e
ca
si
ng
ha
s
lo
ng
since rusted away.
An
ot
he
r
si
tu
at
io
n
is
ex
em
pl
if
ie
d
by
th
e
ar
ti
fi
ci
al
-b
ri
ne
in
du
st
ry
ne
ar
Sy
ra
cu
se
,
Ne
w
Yo
rk
.
Th
e
we
ll
s
ar
e
at
Tu
ll
y,
27
.3
km
(17
mi
le
s)
to
th
e
so
ut
h;
th
e
br
in
e
is
pu
mp
ed
to
a
pl
an
t
ne
ar
th
e
we
st
sh
or
e
of
On
on
da
ga
La
ke
,
wh
er
e
ca
us
ti
c
so
da
an
d
so
da
as
h
ar
e
pr
od
uc
ed
.
La
go
on
ef
fl
ue
nt
an
d
le
ac
ha
te
fr
om
st
oc
k
pi
le
s
co
nt
ri
bu
te
hi
gh
ch
lo
ri
de
co
nt
en
t
to
Ni
ne
mi
le
Cr
ee
k
an
d
On
on
da
ge
La
ke
.
Th
e
si
tu
at
io
n
is
di
sc
us
se
d
in
tw
o
re
po
rt
s
(K
an
tr
ow
it
z,
19
70
;
Sh
am
pi
ne
,
1973).
 
3.6 Natural Renovative Mechanisms
 
Wa
te
r
th
at
is
co
nt
am
in
at
ed
on
ly
by
su
sp
en
de
d
so
li
ds
,
as
at
a
gr
av
el
0r
cr
us
he
d-
st
on
e
pl
an
t
or
ta
co
ni
te
mi
ne
,
un
de
rg
oe
s
re
no
va
ti
on
if
th
es
e
d
so
li
ds
ar
e
al
lo
we
d
to
se
tt
le
ou
t.
Wa
te
r
th
us
cl
ar
if
ie
d
ma
y
be
re
-u
se
d
in
th
e
Yd
pl
an
t
or
di
sc
ha
rg
ed
in
to
wa
te
r
bo
di
es
wi
th
ou
t
de
le
te
ri
ou
s
ef
fe
ct
s.
.z:
 
Th
er
e
is
es
se
nt
ia
ll
y
on
ly
on
e
na
tu
ra
l
me
ch
an
is
m
fo
r
re
no
va
ti
on
of
ch
lo
ri
de
-c
on
ta
mi
na
te
d
wa
te
rs
.
Th
is
is
di
lu
ti
on
by
fr
es
h
wa
te
rs
.
Un
le
ss
th
e
po
ll
ut
io
n
lo
ad
is
ve
ry
he
av
y
an
d
th
e
wa
te
r
bo
dy
is
sm
al
l,
su
ch
di
lu
ti
on
Or
di
na
ri
ly
re
du
ce
s
th
e
ch
lo
ri
de
le
ve
l
to
ac
ce
pt
ab
le
va
lu
es
.
Wh
er
e
un
de
r-
g
r
o
u
n
d
w
a
t
e
r
s
h
a
v
e
b
e
e
n
i
n
v
a
d
e
d
b
y
b
r
i
n
e
s
,
renovation.
th
er
e
is
no
na
tu
ra
l
me
an
s
of
  
    
3.5 Mobility of Pollutants
The mobility of sediment discharged into water bodies, as from washing
plants at gravel or crushed-stone operations, depends on
(1) the coarseness
of the material, and (2) the kinetic energy, if any, of the water body.
Sand
and silt discharged into a pond or other standing water will settle promptly.
Clay may remain in suspension for a long time.
If the discharge is into a
stream, natural sorting will take place: coarse sand will settle nearest the
point of inflow, and silt farther away; clay will very likely not come to
rest until the stream reaches a body of quiet water where energy is at a
minimum and settling can take place.
Sources of severe pollution by suspended
solids should be relatively easy to spot because of the above-described method
of dispersal.
Brines are highly mobile.
Those brines that seep into streams or lakes
may cause contamination, or they may undergo such great dilution by fresh
waters that the stream or lake waters show only slight effects.
The chloride
concentration of streams during low flow throughout Michigan rarely exceeds
35 mg/l,
even though brines are present in the shallow subsurface of much of
the state.
Waters that remain underground can hardly purge themselves.
If fresh
waters become contaminated with chloride,
they may remain contaminated in-
definitely.
Under natural conditions, underground waters generally move
very slowly; but when
manenters the picture he may upset the hydrostatic
equilibrium,
causing rapid migration of brines into-fresh-water zones.
From
1860 on,
hundreds
of wells
were drilled
in
the
Saginaw
Valley of Michigan,
in
the
search for coal
and valuable
brines.
Few
if
any of these wells
were
lined with casing, with the result that they served as conduits through which
highly mineralized
brines
from deep
in the
rocks
rose
and mixed with
near-
surface
fresh waters.
Deterioration of ground-water
quality was
noticed
at
Saginaw as early as 1906 (Bowman, 1906); it was attributed to abandoned brine
wells.
At Lowell,
near Grand Rapids, Kent County,
the chloride content in
a municipal well
increased
from a trace in
1933
to 925 mg/l in
1941.
The
major
cause was
leakage of brine
through
abandoned
oil
and
gas wells
(Deutsch,
1963).
A well
drilled in
Lansing in
1956
contained
less
than
100 mg/l,
but
after
two months
of operation
the chloride content had
risen to
about
900 mg/l.
The probable source of contamination was an
abandoned brine well
(4,575 mg/l of sodium chloride), which had been drilled in 1867.
Smith
(1944) has described the deleterious effects of brine migration on overlying
fresh-water aquifers in Michigan, and Smith and Frye (1945) have reported on
the
history
of brine
contamination
in the
Saginaw Valley.
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Many
thousands
of
shallow
shot-holes
are
drilled
each
year
in
Michigan
by
oil
companies
for
geophysical
testing;
borings
are
made
for
fOundation
work;
and
holes
are
drilled
by
cement
companies
or
others
to
test
the
limestone
bedrock.
All
these
holes
are
uncased,
and
many
have
acted
as
pipes
through
which
mobile
brines
move
upward.
The
result
has
been
chloride
con-
tamination
of
water
supplies
that
continues
even
today.
The
gross
areal
extent
of
ground-water
contamination
in
southern
Michigan
is
not
known.
Probably
most
individual
areas
do
not
exceed
a
few
acres.
In
districts
where
ground
water
is
pumped,
the
resulting
decrease
in
hydrostatic
head
might
lead
to
more
widespread
contamination,
through
open
holes
and
inter-aquifer
leakage.
In
considerable
areas
of
Wood
and
Hancock
Counties,
northwestern
Ohio,
surface
and
ground
waters
have
a
higher-than-normal
salinity.
Near
Portage,
Wood
County,
the
Portage
River
at
periods
of
low
flow
commonly
contains
more
than
150
mg/l
of
chloride.
It
seems
very
likely
that
contamination
is
the
result
of
leakage
of
brines
from
the
old
Lima
oil
and
gas
field.
This
field
was
discovered
in
1884,
reached
its
peak
of
production
in
1896,
and
is
nearly
exhausted
today.
According
to
Orton
(1888),
oil
seeps
into
wells
and
ex-
cavations
in
the
Findlay
area
antedated
discovery
by
50
years.
No
doubt
deep
brines
have
beenmoving
upward
for
scores
of
years,
in
large
part
via
old
oil
and
gas
wells
which
were
never
cased
or
in
which
the
casing
has
long
since rusted away.
Another
situation
is exemplified
by the artificial-brine
industry near
Syracuse,
New
York.
The
wells
are
at
Tully,
27.3
km
(17
miles)
to
the
south;
the
brine
is
pumped
to
a plant
near
the west
shore
of Onondaga
Lake,
where
caustic
soda
and
soda
ash
are
produced.
Lagoon
effluent
and
leachate
from
stock
piles
contribute
high
chloride
content
to
Ninemile
Creek
and
Onondage
Lake.
The
situation
is
discussed
in
two
reports
(Kantrowitz,
1970;
Shampine,
1973).
3.6
Natural
Renovative
Mechanisms
Water that is contaminated only by suspended solids, as at a gravel
or crushed-stone plant or taconite mine, undergoes renovation if these
solids
are
allowed
to settle
out.
Water
thus clarified may be re-used
in the
plant or discharged into water bodies without deleterious effects.
There is essentially only one natural mechanism for renovation of
chloride-contaminated waters.
This is dilution by fresh waters.
Unless
the pollution load is very heavy and the water body is small, such dilution
ordinarily reduces the chloride level to acceptable values.
Where under-
ground waters have been invaded by brines, there is no natural means of
renovation.
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e
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e
a
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y
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d
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lt
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2 y
ea
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.
Wh
il
e
wo
rk
in
g
on
a
de
ep
-w
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l
di
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al
sys
tem
,
th
ey
ha
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or
ed
mi
ne
se
ep
ag
e
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d
pl
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t
wa
st
es
in
ho
ld
in
g
po
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s.
Th
er
e
ha
s
be
en
le
ak
ag
e,
di
ke
fa
il
ure
,
and
pr
od
uc
ti
on
of
a
fi
ne
sa
li
ne
dus
t,
all
of
wh
ic
h
ha
ve
ca
us
ed
pr
ob
le
ms
to
the
wa
te
r
su
pp
ly
(R.
M.
Wa
ll
er
,
U.S
.
Gel
.
Sur
vey
,
pe
rs
on
al
co
mm
un
ic
at
io
n)
.
Wi
th
fi
ve
ti
me
s
as
mu
ch
sa
lt
be
in
g
pr
od
uc
ed
in
20
20
as
is
be
in
g
pr
od
uc
ed
to
da
y,
it
is
cl
ea
r
th
at
dr
as
ti
c
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ls
an
d
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ri
ng
systems will be necessary.
3.
9
Re
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of
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ra
ms
of
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nt
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s
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ac
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ve
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at
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e
U.
S.
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cy
(1
97
3)
.
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TABLE 3 - PROJECTED MINERAL PRODUCTION, GREAT LAKES REGION,
1
’ BY SELECTED COMMODITIES
(Thousands of Metric Tons)
     
Commodity 1968l/ 1980 2020 ;
Sand and gravel... 116,981 155,276 464,876 :
Crushed stone..... 100,298 130,151 387,537 1 ﬁ
1;
Iron ore.......... 57,548 66,605 126,748 51
1
Salt.............. wé/ 20,993 94,911 E
C1ay.............. 3,755 4,600 11,663 1“
Gypswm............
w
2,005
3,692
1]
Peat.............. 237 262 427 '
Copper ore........ 68 91 299 ‘
l/Actua1. ii;
13
g/Withheld to avoid disclosing individual company data.
Source: Great Lakes Basin Framework Study, Table 5-103 (1971).
    
3.9.1 Michigan
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at
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3.9.2 Ohio
The surface waters of Ohio are protected under RegulationEP—l of the
Ohio Environmental Protection Agency, effective July 27, 1973, entitled
llWater Quality Standards.H Sources of water pollution are regulated by
applying effluentstandards and issuing permits, under the general style of
the Federal Water Pollution Control Act, Section 402, HNational Pollution
Discharge Elimination System.H
Regulations under Ohio's oil and gas law (Revised Code Chapter 1509)
prohibit the contamination of surface or ground waters by disposal of oil-
field brines, but drilling operations are so numerous and state regulatory
agencies so undermanned that adequate control is not exercised.
Ohio has no other pollution-control program for its subsurface waters.
3.9.3 New York
New standards to control stream pollution became effective in New York
on March 27, 1974. These are set forth in the State Department of Environ-
mental Conservation's "Classifications and Standards Governing the Quality
and Purity of Waters of New York State." Title 6, Official Compilation
of Codes, Rules and Regulations, Part 702.1, refers to “Class A-Special
(International Boundary Waters) (Great Lakes Water Quality Agreement of
1972).” Quality standards include, among other items, requirements that
total dissolved solids shall not exceed 200 mg/l, and that suspended
solids that will be deleterious for any best usage will not be allowed.
Legislation to support these measures comes under Article 17 of the
Environmental Conservation Law (formerly Article 12 of the Public Health
Law) (W. E. Loveridge, NYSDEE, personal communication and enclosures).
It may be significant that a comprehensive survey by a regional planning
agency, with full attention to major sources of pollution, especially of
ground water, does not mention deleterious effects of any extractive indus-
tries. This report is listed in the references under Genesee-Finger Lakes
Regional Planning Board.
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Section 4
SUMMARY OF RESEARCH PROGRAMS
4.1 Nature of Studies
In the limited time available, it has not been possible to make a
study of "current or proposed research, demonstration, or monitoring
programs that may help answer basic questions." Such a study is desirable
and should be made.
State-of-the-art studies of pollution produced by certain extractive
industries are currently under way at the Robert S. Kerr Water Research
Center of the U. S. Environmental Protection Agency, in Ada, Oklahoma.
Reports are soon to be published on the significance of water pollution
associated with the sand and gravel, uranium, and oil-shale mining
industries. Research is also being done on sealants for mine-tailing
sedimentation ponds. Studies bearing more directly on the extractive
industries of concern in this review are in the discussion stage at the
Center.
With a grant from the Federal Water Pollution Control Agency,
researchers at the University of Minnesota and their associates have made
a study of the role that peat might play in combating water pollution
(U.S. Bur. Mines, 1972, p. 389).
The following news item appeared in the magazine Rock Products, July
1974.
The Environmental Protection Agency finally is moving
ahead with its previously announced study of mining effluents
prior to establishing guidelines and new source performance
standards. The consulting firm Versar, Inc., has been awarded
the contract; it will meet with the trade associations to
identify critical factors and review control methods cur-
rently in use. $3.5million has been released to EPA by the
Office of Management and Budget to participate in the joint
U.S.-Canadian investigations set up by the Great Lakes Water
Quality Agreement of 1972.
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 Section 6
NEED FOR NEW PROGRAMS
6.1 Gaps in Knowledge
By far the largest extractive industries in the Great Lakes region
are those that produce sand, gravel, and crushed stone. Large quantities
of water are used in these operations, yet little information seems to
exist on the extent of this use oron the degree to which contaminated
waters are released. A systematic study, perhaps undertaken with the
aid of the various states, would yield much-needed data on this subject.
Such a study should be undertaken in the light of the expected expansion
of these industries in the coming decades, as indicated on Table 3,
page 15.
As previously indicated, there are appreciable gaps in our knowledge
of the best way in which to dispose of waste brines. One aspect of the
problem that should receive attention is a systematic inventory of those
geologic formations beneath Michigan, Ohio, and New York that might act
as large-scale receptors of brines. The rate at which these formations
can accept introduced brines, and their ultimate storage capacity compared
with the volume of brine expected to be produced over the next 40 to 50
years, are other topics on which information is needed.
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1.1 Introduction
The
agricultural
land
in
the
United
States
portion
of
the
Great
Lakes
Region
is
approximately
12,998,000
ha
(32,118,000
acres),
representing
over
38%
of
the
total
land
area
of
the
region.
More
than
6u%
of
the
agricultural
land
is
cultivated
and
devoted
to:
row
crops
(u3%),
hay
and
pasture
(33%),
small
grains
(17%),
and
specialty
crops
(7%).
Farming
activities
are
not
well—distributed
in
the
region.
Crop
production
is
concentrated
in
the
agricultural
watersheds
of
Lakes
Michigan
and
Brie
where
more
than
75%
of
the
total
cultivated
cropland
is
located.
Pesticides
are
widely
used
in
the region.
Overall,
more
than
half
of
the
harvested
area
for
crop
production
has
been
treated
with
pesticides.
Herbicides
and
insecticides
account
for most
of
the
pesticides
applied,
with
herbicides
being
the
predominant
type
of
pesticide
applied.
Field
crops
receive
the
major
treatment
of
pesticides.
Among
field
crops,
row
crops--particularly
corn--receive
substantial
treatment
with
pesticides,
while hay
and
pasture receive
the least.
Orchards
are treated
extensively
with
insecticides.
Some
vegetable
and
processing
crops,
such
as
sweet
corn
and potatoes,
also receive
considerable insecticidal treatment.
All agriculturally—applied pesticides are potential pollutants to
aquatic environments.
The amount and nature of pesticides reaching the
Great Lakes from agricultural watersheds are primarily functions of the
persistence of the compounds used, intensity and length of time pesticides
have been applied, and the applicable transport mechanisms.
Quantification
and identification of pesticide pollution originating from agricultural
activities are difficult to assess because of the complexity of the water—
sheds.
Limited information indicates that low—level concentrations of
pesticides/metabolites5 particularly the persistent types, may gain entry
to tributary waters and the Great Lakes essentially through agricultural
runoff.
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The
pesticide
pollution
of
the
Great
Lakes,
particularly
Lake
Michigan,
is
already
well-documented.
Pesticide
input
to
the
Great
Lakes
will
continue
as
long
as
pesticides
are
used
in
the
watersheds.
Projections
are
that
the
cropland
area
in
the
U.S.
portion
of
the
Great
Lakes
Region
will
remain
essentially
unchanged
in
the
next
50
years;
but
the
human
population
will
expand
rapidly,
thereby
necessitating
increased
crop
production
per
unit
area
in
order
to
meet
the
food
requirements
of
the
population”
To
sustain
high
crop
production9
pesticides
are
essential.
Because
of
this
considera~
tion5
in
addition
to
the
absence
of
economically
feasible
alternative
methods
of
pest
control9
pesticide
usage
in
agriculture
is
predicted
to
increase.
Use of less persistent pesticides will continue to rise due to
the restrictions placed on the persistent organochlorine insecticides.
Even with the use of less persistent pesticides, residue build-up may still
result due to increasing use
andrepeated applications.
Accumulation and
impact of the degradation products of readily degraded pesticides in the
environment
are
relatively
unknown.
The Great Lakes States appear to have adequate existinglaws and
regulations concerning the sale? registration? distribution, use, and
application of pesticides. The primary limitations for the success of
pesticide regulations are inadequate funds and lack of needed personnel
to do the monitoring and enforce the programs.
The existing voluntary basis for control of erosion and sediment build~
up is extremely slow and, if allowed to continue at its current rate9
abatement of pesticide pollution of the Great Lakes and related waterbodies
will be limited in the next 50 years. Prevention of pesticide pollution of
the Great Lakes can be greatly accelerated by the enactment and enforcement
of mandatory erosion- and sedimentwcontrol programs by all levels of state
governments concerned.
1.3 Recommendations
Research is needed urgently to adequately quantify and identify the
contribution of agricultural activities to the pesticide pollution of the
Great Lakes. Presently, only fragmentary information is availablea and
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 Section 2
SUPPORTING MATERIAL
2.1 Introduction
Agricultural activities in the Great Lakes Basin were initiated at the
beginning of the 19th century, but the use of pesticides in crop production
was virtually nonexistent prior to the mid—1940's. For the past three
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2.3 Study Procedure
The literature evaluation on the sources, forms, and amounts of pesti-
cide pollutants arising from agricultural activities was conducted under
the direct supervision of the Director of the University of Wisconsin
Water Resources Center (Go Chesters). A graduate student (G. V. Simsiman)
assi
sted
in c
ompi
ling
and
summ
ariz
ing
need
ed d
ata
and
wrot
e th
e pr
elim
i—
nary report. Final review and revision of the draft submitted to the
Great Lakes Basin Commission were done by the Director.
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he 0
.8.
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nt o
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or.
The
majo
r so
urce
s of
literature/information used were:
1. Journal of Environmental Quality
Pesticide Monitoring Journal
Soil Science Society of America Proceedings
Journal of Economic Entomology
Journal of Agricultural and Food Chemistry
m
u
n
e
r
Weed Science
Weed Research
Environmental Science and Technology
. Water Resources Bulletin
C
)
m
e
. BioScience
11. Science
12. Water Pollution Control Federation Journal
13. Agronomy Journal
la. Residue Reviews
15. Advances in Agronomy
16. Proceedings of CIC-CCIW Symposium on Water Quality Parameters--
Selection, Detection, and Measurement, Burlington, Ontario,
November 1973
 17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
3M.
35.
36.
37.
38.
39.
H0.
H1.
42.
#3.
Proceedings of Seminar on Environmental Toxicology of Pesticides,
Academic Press, N.Y.
Proceedings
of Second International
IUPAC Congress of Pesticide
Chemistry,
Gordon
and
Breach
PUblishers,
N.Y.
Proceedings of Symposium on the Fate of Organic Pesticides in the
Aquatic Environment, American Chemical Society, Washington, D.C.
Proceedings of Symposium on Organic Pesticides in the Environment,
American
Chemical
Society,
Washington,
D.C.
Procaedings of Symposium on Agriculture and the Quality of Our
Environment,
AAAS,
Washington,
D.C.
Proceedings of Conference on Chemical Fallout, Current Research on
Persistent Pesticides, Charles C. Thomas, Springfield, Illinois
Proceedings Cornell University Conference on Agricultural Waste
Management, Ithaca, N.Y., February 1971
Monograph on the Degradation of Herbicides
Proceedings on Pesticides, Pest Control and Safety on Forest and
Range Lands, A Continuing Education Book, Corvallis, Oregon
Chemical Rubber Company Monoscience Series
Report of the Secretary's Commission on Pesticides and Their
Relationship to Environmental Health, U.S. Department of Health,
Education and Welfare
Proceedings of Conferences on Great Lakes Research
Great Lakes Basin Framework Study
International Joint Commission Annual Reports
Selected Water Resources Abstracts
Water Resources Research Catalogs
USDA-CSRS Current ReSearch Information Service
USDI, OWRR, Water Resources Scientific Information Center
USDA Agricultural Stabilization Service
USDA Economic Research Service
U.S.EPA Ecological Research Series
U.S.EPA Water Pollution Control Research Series
U.S
.EP
A E
nvi
ron
men
tal
Pro
tec
tio
n T
ech
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ogy
Ser
ies
U.S.EPA Office of Pesticide Programs
Water Resources Center, Purdue University
Wat
er
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,
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y o
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in—
Mad
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n
Wat
er
Res
our
ces
Inf
orm
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Pro
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m,
Uni
ver
sit
y o
f W
isc
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in-
Mad
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n
  
    
 
nu.
H5.
H6.
47.
#8.
#9.
Department of Entomology, University of Wisconsin—Madison
Michigan Department of Natural Resources
Wisconsin Department of Agriculture
Wisconsin Department of Natural Resources
Department of Soil Science, University of Wisconsin—Madison
Water Chemistry Degree Program, University of Wisconsin—Madison
2.3.1 Assumptions
Pesticide contamination of the Great Lakes has been revealed by state
and federal monitoring programs. However, there are very few well—documented
investigations on the sources, forms, and amounts of pesticide pollutants
from various segments of the watersheds, particularly those from agricul-
tural lands. The following assumptions are made:
a. The use of pesticides is inevitable and will continue to increase,
particularly in the case of herbicides, because of the present lack
of feasible alternatives for pest control.
b. Increased production per unit area on the essentially unchanged
area devoted to crop production in the Great Lakes Region is
necessary to meet the food requirements of the rapidly expanding
population therein. To produce such high crop yields more and
better production inputs, including pesticides, are needed.
c. Accumulated residues of pesticides, resulting from repeated
applications to agricultural soils, serve as reservoirs for
potentially transportable residues.
d. Soil erosion is a continuous geologic process but is accelerated
by farming activities. Agricultural runoff, laden with pesti—
cides, eventually reaches surface waters and provides low—level
concentrations of residues. Abatement of soil erosion is
proceeding only slowly and in a limited fashion.
e. The impact on water quality of agricultural use of pesticides is
great in the Great Lakes Basin due to the extensive farming
activities in the basin and the vast water surface area involved.
f. Agricultural use of pesticides in the Great Lakes Basin produces
similar processes and relationships to those reported in other
areas of the nation.
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REVIEW
OF
FINDINGS
OF
PREVIOUS
STUDIES
3.1
General
Description
of
Agricultural
Land
Use
Category
3.1.1 Agricultural Activities
The Great Lakes Region consists of a total land area of 33,82u,200 ha
(83,579,700 acres)
(66).
In 1967 there were
11,579,000 ha (28,612,000
acres)
of cropland; 1,419,000 ha (3,506,000 acres) of pasture land; 16,035,900 ha
(39,52u,7oo acres) of forest land; 2,827,900 ha (6,987,700 acres) of urban
and built—up areas; and 1,963,800 ha (4,852,500 acres) of other land.
Cropland, including pasture, comprises the agricultural sector, and this
sector represents more than 38% of the land area of the region. Forestry
is practiced on 07% of the land; urban and built-up areas cover 8.4%; while
5.8% of the land is given over to other uses.
A wide variety of crops is grown in the region, including small grains,
row crops, hay, vegetables, and fruits (Table 1). Estimates indicate that
crop production is sufficient to supply the food and feed requirements of
the population and the livestock and dairy industry of the region. The
total cultivated cropland in 1967 comprised 8,361,700 ha (20,661,700 acres)
or over 6u% of the total agricultural land (includes cultivated cropland,
pasture, and idle cropland). Over u3% of the cultivated cropland is
devoted to row crops; 33% to hay and pasture; 17% to overall grains; and
7% to specialty crops (Table 2).
In order to sustain efficient crop production, good management prac-
tices are needed. Pest and disease control by pesticides has become
indispensable in many areas of crop production.
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7
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9
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3
0
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7
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B
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B
u
CHT
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Hax
lo3
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923
3
5
2
9
1,
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5
519
1,5
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002
10
5
36
195
26
7
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979
363
29
9
2,3
96
10
,3
33
3
0
0
933
129
1,3
01
11
,6
3"
Ax103
1,
96
7
1,
0u
6
8
7
7
1
0,856
1,
27
9
3,7
66
993
259
90
056
659
2,0
20
99
7
7
1
0
5,9
20
25
,5
33
63
9
2,0
59
316
3,212
28,
795
Pro
duc
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n
HTx
lO3
3,6
37
1,5
36
96
12
2
17,152
26,
236
0,702
915
7,0
21
1,8
33
2,
71
9
6,2
20
9,966
2,7
39
2,0
77
0
2,1
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?,
73
0
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k
C
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**
xl
13
3,
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0
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913
3,
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6
5,9
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675,071
28,
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1
7
0
,
1
7
5
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9,1
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00
,0
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6
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1
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2,2
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0
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2
3,013
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0.3.
Department
of
Agriculturc
(66).)
TAIL! 2
y crop categortu for 1967 and projection. for 1980. 2000, Ind 2020
(Modﬂied and racalculalcd from Appandl: 13. Land Us. and Hansen-n: Hark
omission. uponaared by the For“! Sat-vice and Soil Conlervction Service of
  
R to 1957 1980 2000 2020
O n
‘
Haxloa
7mm3
Hauoa
1x103
Haxloa
M103
mo3
mo!
WEE"
Luke Superior
158.9
392.6
117.1
289.8
83.0
205.2
83.2
205.!
Lake Michigan
3,591.7
9,097.5
3,u22.9
e,usa.1
3,3»2.5
3,259.3
3,619.8
6,932.2
Lake Huron
825.2
2,039.1
810.1
2,001.8
875.1
2,162.3
1,007.8
2,990.2
Lakl Die
2,726.3
6,736.6
2,579.1
6,360.7
2,596.9
6,297.1
2,612.9
8,356.9
Ink. Ontario
969.5
2,395.7
691.6
1,709.0
592.2
1,963.9
618.7
1,528.7
T 0 T A L
8,361.7 20,661.7
7,615.9 18,819.0
7,991.2 18,397.3
7,937.2 19,612.9
W“
Lak- Supox‘lox‘
3.8
9.9
1.5
3.6
1.2
2.9
1.3
3.2
Lukl Hichigan 283.5 700.6 226.“ 559.5 290.9 595.2 279.8 691.“
Lake Huron “6.5 115.0 70.2 173.5 79.0 195.2 90.6 228.8
La)“ Erie 136.5 337.3 118.0 291.5 98.3 238.0 137.8 350.0
Lak‘ Ontario 914.8 239.3 192.0 351.0 77.5 191.5 80.2 208.2
'1' 0 T A 1. 566.8 1,900.7 992.7 1,217.“ 516.2 1,275.5 592.8 1,960.8
ROH CROP58*
Lake Supt "to? 1.9 3J4 0.77 1. 9 1.2 3.1 2.3 5.6
Lake Michigan 1,505.0 3.72;.3 1,uu7.o 3,575.5 1.5223» 3,751.9 1.9%.: u,se7.o
Lulu Huron 398.1 983.7 361.6 893.9 1013.7 1,022.2 518.5 1.281.2
Lax. brie 1,532.0 3,735.7 1,571.9 3,951»: 1.570.u u,127.7 1,887.2 9,663.2
Lake Ontario 189.9 957.0 132.8 328.2 121.1 299.2 152.7 377.3
’1' 0 T A L 3,622.0 8,999.9 3,519.9 8,689.0 3,729.0 9,219.9 9,908.9 10,089.!
SHALL GRAINS**
Lake Superior 18.5 96.0 216.9 60.9 12.3 30.3 12.2 30.2
Lake Michigan 696.2 1,596.9 753.2 1,861.3 712.9 1,761.7 666.5 1.6%.!
LIX! Huron 153.6 379.5 202.8 501.0 197.6 “88.3 190.1 I‘69..
Lake Erie 976.9 1,178.5 968.2 1,157.0 210.2 519.5 288.7 721.“
Lake Ontario 161.2 398.9 166.9 "12.9 129.5 320.0 125.3 309.7
‘1' O T A I. 1,956.6 3,599.3 1,615.9 3,992.8 1,|+65.4 3,621.1 1,283.0 3,170.8
HAY AND PASTURE“
Ink. Superior 135.1 333.8 90.9 223.5 68.9 168.9 67.10 166.3
Lake Michigan 1,295.7 3,079.2 996.3 2,961.8 866.2 2,190.5 820.3 2,027.0
Lax. Hm“ 227,0 550.9 175.6 u33.9 isms I656.7 208.6 515.“
m. 5,1. 539,5 1,uss,1 015.0 1,029.0 331.2 516.5 300.3 7k2.0
Lake Ontario 528.“ 1,305.9 315.3 779.1 269.1 652.7 256.9 633.5
1 o 1' A L 2,715.2 6,111.9 1,993.0 u,92u.a mum 9,236.3 1,652.5 u,oas.:
.Excludes idle mpland
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of Lakes Michigan and Erie. Based on the total cultivated cropland in 1967,
crop production in terms of area in the five lake regions is in the order:
Lake Michigan (43%) >Lake Erie (33%) >Lake Ontario (12%) >Lake Huron (10%)
>Lake Superior (2%). Higher intensity of crop production in the Lake
Michigan and Lake Erie regions implies that more pesticides have been used
in these regions than in other lake regions.
3.1.2 Pesticide Use Patterns
In assessing the extent by which pesticides contaminate the environment
it is important to determine how much has been used. Estimates of quantities
of pesticides used by farms in 1966 (183) indicated that 160,000,000 kg
(353,000,000 lb) of active ingredients were usedfor crops, livestock, and
other purposes, representing 51% of the total quantity used in the United
States which was 310,000,000 kg (681,000,000 1b). Over 149,000,000 kg
(328,000,000 lb) were usedfor crops alone, which includes all crops,
pasture and rangeland.
According to the Census of Agriculture, 1969 (184) about 16,000,000 ha
(40,000,000 acres) of agricultural land in the eight Great Lakes States
were treated with pesticides, comprising 28% of the total area treated in
the United States. Pesticide usage in the Great Lakes Region and neigh—
boring areas indicated that herbicides are the leading types of pesticides
(>50%) used in treated areas followed by insecticides (183, 184, 205).
Use of other pesticides, such as nematocides, fungicides and defoliants,
are not as widely used as herbicides and insecticides. Herbicide use has
been rapidly increasing, while use of other pesticides has not changed
substantially.
An inventory of the kinds and quantities of pesticides used in the
Great Lakes Region was first attempted in 1966 (43). According to this
survey, 12,421,960 kg (27,378,000 1b) of pesticides (active ingredients,
including petroleum and sulfur) were applied, with crops (all crops,
pasture and rangeland)receivingthe largest share (86%), followed by live-
stock (12%), and other purposes (2.0%). The 9,431,942 kg (20,788,000 1b)
12
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The
most
widely
used
organochlorine
compounds
were
aldrin,
DDT,
heptachlor
and
toxaphene.
Corn
was
the
major
recipient
of
herbicides
and
insecticides.
Apple
and
vegetable
crops
received
substantial
amounts
of
insecticides
and
fungicides.
Pesticide
surveys
were
conducted
after
1966
in
five
Great
Lakes
States
on
f
i
e
l
d
c
r
o
p
s
(205)
a
n
d
in
W
i
s
c
o
n
s
i
n
on
fruits,
ve
g
e
t
a
b
l
e
s
,
a
n
d
p
r
o
c
e
s
s
i
n
g
Crops
(108).
These
surveys
were
not
specific
for
the
Great
Lakes
Region;
however,
they
reflect
changes
in
usage
of
pesticides
throughout
the
area,
p
a
r
t
i
c
u
l
a
r
l
y
in
M
i
c
h
i
g
a
n
and
W
i
s
c
o
n
s
i
n
.
The
study
concerningthe
general
farm
use
of
pesticides
was
recommended
by
a
task
force
created
by
the
GOVernors
of
Illinois,
Indiana,
Michigan,
Minnesota
and
Wisconsin
after
a
conference
in
April,
1969
to
review
the
pesticide
situation
at
that
time
as
it related
to
possible
pesticide
pollu—
tion.
Primary
emphasis
was
placed
on
the
major
field
crops
which
account
for
the
largest
share
of
pesticide
usage.
The
survey
was
conducted
for
3 Years (1969 to 1971) in all states of the group except Indiana which did
not
conduct
the
survey
in
1971.
In
1971,
approximately
18,900,000
ha
(us,eoo,ooo acres) of field crops were treated with pesticides in the four
lake
states,
an
increase
of
18%
over
1969.
Herbicides
accounted
for
79%
0f the treated area, with insecticides applied to nearly 20%.
Less than 1%
Of the area received fungicides. Herbicide usage increased by 28% from
1969
to
1971,
while
use
of
insecticides
decreased
by
10%.
About 13,H00,000 ha (33,200,000 acres) or 62% of the harvested area
0f 21,700,000 ha (53,600,000 acres) received herbicide and/or insecticide
treatment at least once in 1971, which is 8% more than in 1969 (Table 7).
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iABLE 3
Quantities used and area treated with selected fungicides, all crops,
U.S. Great Lakes Basin, 1966.* (adapted from Mywin and Ward (#3).)
+
Active Ingredients Area Treated
“ ' ' 2* —
tung1°lde’ kgx103 lbx103 Hax103 Ax1o3
Inorganic
Copper sulfates 11.4 25.2 9.9 11.0
Other coppers 57.8 126 14.4 35.6
Mercury compounds 2.6 5.8 11.7 28.8
Other inorganics no.0 88.2 5.8 19.8
TOTAL INORGANICS (NOT
INCLUDING SULFUR) 111 245
Organic
[ ‘ Dithiocarbamates
ﬂ 3 Maneb 278 613 35.9 88.6
” ‘ Zineb 382 842 87.2 215
, Ferbam 70 isu 18.5 85.8
1 Others 58 128 9.1 22.Q
% l‘ TOTAL DITHIOCARBAMATES 788 1,737
y ‘? Phthalimides
1 Captan 395 871 59.9 148
| Others 21 “7 8.9 9.6
i . TOTAL PHTHALIMIDES #16 918
A ; Karathane, Dodine,
1 1 1 Quinones 78.5 173 33.2 82.0
1 :§%1 Phenols 7.0 15.4 2.9 6.0
E 5::E Other organics 13.8 30.4 7.0 17.2
l,,}';
5, H,,; TOTAL ORGANICS 1,309 2,87u
ii i 1; TOTAL (NOT INCLUDING
-E 3 ;: SULFUR) 1,415 3,119
g; g if: Sulfur 501 1,105 26.3 65.0
g; i ifi TOTAL FUNGICIDES 1,916 9,22u
*Estimates based on use shown by the ERS Pesticide and General Farm
Survey, 1966.
**May include use forpurposes other than as fungicides.
+Not additive since one or more ingredients or different commercial
preparations of a single ingredient may be applied on same land
areas.
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 TABLE “
Quantities
used
and
are:
treatcd
with
selected
herbicides,
all
crops.
0.8.
Great
Lakes
Basin,
1966..
(Adapted
from
M
i
n
and
Hard
(“3%)
    
Active
Ingredients
A
n
a
Heated.+
H
c
r
b
i
c
i
d
n
“
3
a
3
3
kgxlo
lbxlo
Haxlo
Axlo
Inorganic
110
2“:
19.6
‘88."
Organic
Arsenicala
1.5
3.“
2.“
6.0
Prunoxy
2,“-D
1,202
2.650
1.681
“.153
2,“,5-1‘
21.1
“8.6
“5.0
111
HCPA
“5.2
100
89.3
222
other
2.0
“.“
9.6
23.8
TOTAL
PHENOXY
1,270
2,801
Phenyl urea
Muron
10.2
22.6
8.“
20.8
1.1an
116
256
78.0
193
Othu'
5.2
11.“
5.0
12.“
TOTAL
PHENYL
UREA
131
290
Amid“
Pmpachlor
201
““3
125
309
Pmpanil
«-
---
---
---
NPA
57.5
1“9
“6.0
119
TOTAL
AMXDES
269
592
Cuba-at"
CIPC
1nd
IPC
35.0
77.2
32.5
80.2
CDM
“32
953
29“
725
Other
128
278
37.8
93.“
TOTAL
CARBAHATES
593
1,308
Mnitro
group
11“
252
35.“
87.6
11-min”
Atruino
1,5“2
1.398
86“
2,136
Prcpazina
-—-_
---
---
no
Other
16.3
36.0
3.1
20.0
TOTAL TRIAZINES
1,558
3,“3“
Banzai:
2,3.G-TBA
2“9
5“9
119
292
Anibal:
323
713
309
763
Dielmbc
3.8
8.“
10.9
27.Q
TOTAL
BENZOIC
576
1.270
01:13.! orglnice
Tritium]. in
108
231
106
252
Others
103
226
63.0
156
TOTAL OTHER ORGANICS
21.1
“63
TOTAL ORGANICS (NOT
INCLUDING PETROLEUM) “.725 10,“).3
TOTAL HERBICIDES (HOT
INCDUDING PETROLEUM) “,935 10.658
Pmlcum
573
1.25“
210.8
61.“
TOTAL HERBICIDES
(INCLUDING PETROLEUM) 5,uoa 11,520
“Euthath based on use shown by the ERS Puticide and
Gunnll Fm Survay, 1968.
“May includo nu for purpose other than u hut-hidden.
’Xot additive sine. on: or more ingredients or different
maul preparations of I unzlu ingredient my be lppllcd
on an land true.
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Insecticides**
Active In edients
522.2222?
kg
xl
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1b
x1
03
Ha
xl
oa
Ax
lO
3
Ino
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s
358
790
22.
1
50.
6
Bot
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s
and
bio
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0.3
0.6
2.7
6.8
Synthetic organics
Organochlorines
Li
nd
an
e
11
.0
20
.2
33
.3
82
.0
Str
oba
ne
--—
-—-
---
---
THE
(00
0)
00.
9
99.
0
11.
8
29.
2
DDT
138
305
72.
7
180
Met
hox
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lor
39.
“
86.
8
36.
H
90.
0
En
dr
in
0.
5
1.
0
1.
0
2.
0
Hep
tac
hlo
r
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292
153
378
Die
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16.
2
35.
8
20.
6
51.
0
Ald
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1,2
us
2.
7%
1,0
33
2.5
52
Chl
ord
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26.
0
57.
2
18.
9
06.
6
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osu
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n
1u.
o
30.
8
11.
2
27.
8
Tox
aph
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07.
0
104
26.
1
60.
”
Oth
ers
0.“
0.8
1.5
3.8
TOTAL ORGANOCHLORINE 1,715 3,780
Organophosphorus
Dis
ulf
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n
67.
0
109
47.
2
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dr
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-
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-
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-
--
-
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6.8
15.
0
0.8
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12
8
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“
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3
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0.0
0.1
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71.
5
160
50.
0
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32.
7
72.
0
10.
1
30.
8
Oth
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30.
2
66.
6
27.
7
68.
0
TOTAL ORGANOPHOSPHORUS 600 1.323
Cerbemates
Car
bar
yl
306
67“
82.
3
208
Oth
ers
16.
1
35.
“
24.
8
81.
0
TOTAL CARBAMATES 322 709
Other synthetic organics 1.1 2.“
TOTAL SYNTHETIC ORGANICS 2,639 5,816
TOTAL INSECTICIDES (NOT
INCLUDING PETROLEUM) 2,997 6.606
Pet
rol
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390
7.“
18.
“
TOTAL INSECTICIDES 3,175 6.997
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3
.
4
9
5
.
6
3
.
9
9
.
6
O
t
h
e
r
s
4
9
.
9
1
1
0
2
7
.
0
6
6
.
8
T
O
T
A
L
F
U
M
I
G
A
N
T
S
1
1
4
2
5
2
D
e
f
o
l
i
a
n
t
s
a
n
d
d
e
s
s
i
c
a
n
t
s
Arsenic
acid
_-—
--_
_-_
__-
M
a
g
n
e
s
i
u
m
c
h
l
o
r
a
t
e
-
~
-
-
-
—
-
-
-
-
-
-
D
E
F
a
n
d
F
o
l
e
x
7.5
16.6
4.9
1
2
.
0
O
t
h
e
r
s
—
-
—
-
—
-
-
-
-
-
-
-
T
O
T
A
L
D
E
F
O
L
I
A
N
T
S
A
N
D
DESSICANTS
7.5
16.6
Rodenticides
0.8
1.8'
3.0
7.4
P
l
a
n
t
g
r
o
w
t
h
r
e
g
u
l
a
t
o
r
s
Maleic
hydrazide
19.5
32.0
1.8
4.4
Others
0.1
0.2
0.5
1.2
TOTAL
PLANT
GROWTH
REGULATORS
lu.6
32.2
Repellents
2.8
6.2
1.1
2.6
TOTAL
MISCELLANEOUS
PESTICIDES
18H
406
*
O I
Estimates
based
on
use
shown
by
the
ERS
Pesticide
and
General
Farm
Survey,
1966.
o
I
**May
include
use
for
purposes
other
than
those
indicated.
+Not
additive
since
one
or
more
ingredients
or
different
commerical
preparations
of
a
single
ingredient
may
be
applied
on
same
land
areas.
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TAB
LE
7
lulu-led are"
of crop! ham-t
ed and crops t
reated with her
bicide- for fi
ve Great Lake-
Statel during 1
969. 1970 and
E971.' (Recalc
ulated from Can
er-l Fan Use o
f Pesucidu 1
971
Uiuconsln and
Illinois, Hichi
gln and Kinneoo
ta, Viuonoin
statistic-1 hpo
rtln; Service,
lponscred by th
e Hiaccnain De
partment of Agr
iculture and 0.
5. Department
of Agriculture
(205).)
Harvested
Illinois
Indiana
Michigan
Minnesota
Hiscons in
15133.1}
°" 3
3 ‘ 3
3 ‘ 3
3 1 3
3 ‘ 3
3 ‘ 3
3 ‘
Treated Y
ear HaxlO
Axio Treate
d Haxlo
A2110 Treate
d HaxlO
AxlO Treate
d HaxlO
AxlO Treate
d HaxlO
Ax10 Treate
d Haxlo
Axlo mate
d
     
CORN
Harvested
1969 14,039
9,980
1,983 I0,901
673 1,662
1,999 l1,93
9
1,079 2,66
6
1970 9,199 10,250
2,102 5,195
720 1,779 2
,139 5,295
1,111 2,796
1971 9,229 10,950
-— —-
902 2,230 2
,699 6,533
1,233 3,099
Treated 1969 3,913
9,933 99 1,727
9,267 97 595
1,995 67 1,529
3,765 76 932
2,055
1970 3,510 9,673 95 1,907 9,969 96 692 1,597 99 1,706 9,216 30 967 2,390
1971 3,722 9,196
99 - -
929 2,036 91 2
,231 5,513 99
1,069 2,630
SMALL Gums"
Ham-tad 1969 916
2,016 999
1,221 965
1,199 2,017
9,995 722
1,799
1970 666 1,695 992 1,093 999 1,097 1,969 9,966 719 1,777
1971 659 1,629
- —-
920 1,039 2
,233 5,519
661 1,639
Treated 1969 8 21 19 '48 ‘6 1'47 369 31 1,212 2 ,99'4 60 150 370
1970 22 55 156 385 35 1 ,105 2 ,732 56 170 I020
1971 59 1'67
—- -
166 I610 W 1
,563 3,863 70
162 H00
SOYBEANS
Harvested 1
969 2,729
6,730
1,390 3,311
209 519
1,292 3,06
9
70 179
1970 2,752 6,900 1,390 3,311 212 :29 1,266 3,129 62 153
1971 2,999 7,150 —- - 219 590 1,159 2,951 52 129
Treated 1969 1,907
9,711 70 923
2,280 69 118
292 57 690 1
,706 56 35
87
1970 1,970 17,867 72 951 2,350 71 1310 330 63 783 1,936 62 31 77
1971 2,289 5,656 79 - - 1511 380 70 793 1,960 69 2'0 59
HAY
Harvested 1969 503 1,293 397 956 601 1,995 1,350 3,336 1,629 9,022
1970 510 1,260
377 932
577 1,925 1,
309 3,231 1
,625 9,016
1971 999 1,220
- ——
597 1,950 1
,315 3,250
1,653 9,096
Treated 1969 30
75 97
117 12 101
250 17 19
99 1 9 9
20
1970 23 57 99 292 17 20 0.6 9 22
1971 22 55
—- —-
73 191 12
13 0 9 11
29
MISCELLANEOUS c9095++
Harvested 1969 - - - —- 272 671 - -
1970 - --
-— -
239 590
165 907
1971 - _-
« —-
239 590
97 290
Treated 1969 —-
—- -
- 200
993 79 ——
-
1970 -— -
-— -
196 999 92
113 290 69
1971 -— -
- -
205 507 96
59 193 60
TOTAL
Harvested 1969 9,091
19,969 9,209
10,399 2,219
5,991 6,609
16,329 3,502
9,653
1970 9,076
19,955
9,262 10,531
2,191 5,91
9
6,997 16,31
9
3,521 9,70
1
1971 9,275 20,999
-— - 2,
367 5,999 7
,993 19,392
3,609 9,906
  
I
n
0
1
n
0
N
H
0
0
!
m
m
bH
(
D
I
!
"
N
0
m
m
[
‘
5
0
1
M
n
f
‘
(
0
3
.
:
F
4
9
4
?
)
Treated 1969 5,358 13,290 66 2,716 6,712 65 1,151 2,816” 52 3,995 8,513 52 1,026 2,535
1970 5,525 13.65? 68 2,803 6,925 66 1,225 3,028 56 3,717 9,18“ 59 1,178 2,912
1971 6,092 15,059 7'0 - - 1,322 3,519 60 9,651 11,992 62 1,26“ 3,129
‘Area treated with both herbicide and insecticide or more than once with either are counted only once.
“Does not include Indiana because of lack of data in 1971
,Includes oats. wheat, barley and rye
0.0!? ben- 1n Nichigan, flax in Minnesota and tdaacco in Wisconsin
Co
r
n
r
e
c
e
i
v
e
d
5
8
%
o
f
t
h
e
t
r
e
a
t
m
e
n
t
,
s
o
y
b
e
a
n
s
2
u
%
,
s
m
a
l
l
g
r
a
i
n
s
1
4
%
,
a
n
d
h
a
y
l
e
s
s
t
h
a
n
1%.
L
a
r
g
e
p
o
r
t
i
o
n
s
o
f
t
h
e
h
a
r
v
e
s
t
e
d
a
r
e
a
o
f
c
o
r
n
(
8
7
%
)
,
s
o
y
b
e
a
n
s
(75%),
and
small
grains
(50%)
were
treated.
Less
than
3%
of
the
hay
area
r
e
c
e
i
v
e
d
a
n
y
p
e
s
t
i
c
i
d
e
.
A
t
r
a
z
i
n
e
,
a
l
o
n
e
or
in
c
o
m
b
i
n
a
t
i
o
n
,
a
n
d
p
r
o
p
a
c
h
l
o
r
w
e
r
e
t
h
e
h
e
r
b
i
c
i
d
e
s
m
o
s
t
c
o
m
m
o
n
l
y
u
s
e
d
o
n
c
o
r
n
b
o
t
h
f
o
r
p
r
e
—
e
m
e
r
g
e
n
c
e
a
n
d
p
o
s
t
-
e
m
e
r
g
e
n
c
e
a
p
p
l
i
c
a
t
i
o
n
(
T
a
b
l
e
8).
T
h
e
a
m
i
n
e
a
n
d
e
s
t
e
r
f
o
r
m
u
l
a
t
i
o
n
s
o
f
2
,
u
-
D
w
e
r
e
e
x
t
e
n
s
i
v
e
l
y
u
s
e
d
f
o
r
p
o
s
t
-
e
m
e
r
g
e
n
c
e
t
r
e
a
t
m
e
n
t
o
f
corn.
A
m
i
b
e
n
wa
s
u
s
e
d
o
n
a
l
m
o
s
t
h
a
l
f
o
f
t
h
e
s
o
y
b
e
a
n
s
t
r
e
a
t
e
d
.
M
C
P
A
a
n
d
2
,
u-
D
a
m
i
n
e
w
e
r
e
t
h
e
l
e
a
d
i
n
g
h
e
r
b
i
c
i
d
e
s
a
p
p
l
i
e
d
t
o
s
m
a
l
l
g
r
a
i
n
s
.
Most
o
f
the
insecticides
were
uSed
on
corn
largely
as
pre—emergence
treatments
(Table
9).
Only
small
portions
of
the
soybean,
small
grain,
and
hay
area
were
treated
for
insects.
Aldrin,
carbofuran,
phorate,
diazinon
and
buxten
were
the
major
insecticides
used
on
corn.
Major
insecticides
used
for
other
field
crops
were
ofthe
organophosphorous
and
carbamate
types.
A
sharp
decline
in
the
usage
of
organochlorine
insecticides
was
reported
in
the
four
Great
Lakes
States
for
1971.
Less
than
1,400,000
ha
(3,500,000
acres)
of
field
crops
(6%
of
the
treated
area)
were
treated,
a
decrease
of
20%
from
1970.
Aldrin,
used
primarily
on
corn,
topped
all
other
organo-
chlorine
insecticides,
with
heptachlor
and
chlordane
being
used
to
lesser
extents.
The
usage
of
DDT
on
field
crops
in
1971
continued
to
be
minimal.
The
use
of
insecticides
on
vegetables,
fruits
and
crops
for
processing
in
Wisconsin
was
surveyed
in
1969
(108).
Approximately
83,925
ha
(207,380
acres)
or
51%
of
the
total
area
of
vegetables
and
crops
for
processing
and
9,841
ha
(2H,317
acres)
or
97%
of
the
total
fruit
area
were
treated
with
inSecticides.
Of
the
#63,880
kg
(1,022,385
lb)
total
insecticides
applied
in
1969,
about
65%
was
used
for
vegetables
and
crops
for
processing.
Sweet
corn,
potatoes,
and
apples
received
major
portions
of
the
insecticides.
In
the
Lake
Michigan
region
of
Wisconsin--which
constitutes
31%
of
the
insecticide-treated
area
of
the
state—-approximately
177,092
kg
(390,310
lb)
or
38%
of
the
total
insecticides
was
used.
A
wide
variety
of
Chemicals
were
applied
(Table
10).
Lead
arsenate,
carbaryl,
phorate,
malathion,
parathion,
azinphosmethyl,
and
toxaphene,
in
that
order,
were
the
leading
insecticides
used.
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TA
BL
E
8
Rate
of a
ppli
cati
on a
nd e
stim
ated
area
trea
ted
with
majo
r he
rbic
ides
in f
our
Grea
t La
kes
Stat
es f
or 1
971.
(Rec
alcu
late
d
from
Gene
ral
Farm
Use
of P
esti
cide
s 19
71 W
isco
nsin
and
Illi
nois
, Mi
chig
an a
nd M
inne
sota
, Wi
scon
sin
Stat
isti
cal
Repo
rtin
g
Ser
vic
e,
spo
nso
red
by
the
Wis
con
sin
Dep
art
men
t o
f A
gri
cul
tur
e a
nd
0.5.
Dep
art
men
t o
f A
gri
cul
tur
e (
205)
.)
Avenue
rate of
applica
tion pe
r unit
urea“
Estimt
d are:
(mated
.
Illin
ois
Michi
gan
Minne
sota
Hilca
nsin
Inim
i-
Hir‘i
un
Finne
sou
Visco
nsm
Herb
ie“:
htia
n‘
It; a
t um
-
).b or
qt
kg 00
- lhe
r
1b a-
qt
kg or
.11th
1D or
qt
kg al
- “fo
r
1.6 or
qt
“0111
0a
A110
1 M
1103
A2110J
#11111
03
Ratio“
11.1m
e
A1103
 
A1
1
he
rb
ic
id
al
'
0
0
!
'
6
0
1.0
2.2
0.
I
( 3.310
0,170
507
1.252
1.339
3.300
735
1.015
nun..
.
1.0
2.2
1.1
2.3
0.02
1.0
0.96
7.1
703
1.1m
353
372
as
002
52:
1.291
Axr
azi
ne
and
1.9
0.2
1.1
prop
achl
ar
3 6
9.
1
6.
7
Atra
zine
md
0.73
1.6
0.09
1.5
0.70
1.7
0.7!
1.7
allc
hlor
V
.
.
.
Atrlz
ine I
nd
0.69
1.5
0.73
1.6
1-0
2.2
"mm 061 091 6 20 16 39 3 . 6 9
Allah
lar
3.2
7.1
3.8
0.3
2.6
5.6
397 90.1 63 206 60 100
5
4
V
Yr
op
ac
hl
m
v
v
o
m
«
n
o 1.056 2.000
703 1.93! MO 10
2.3-0
est-r
 
5
0
3
5
5
0
5
8
0
8
0
3
5
0
.
3
3
2
4
EPTC and 2.h-D
com - m
mmmc
:
1.0
2.2
0.90
2.1
0.07
1.9‘
0.07
1.9
3.:
7.0
o.-
0.-
0.5
0.5
0.5
0.5
1.0
1.1
  
All
hu'
bic
ldu
1.382 3.015
395 975 1
.523 3,75“
I031 1,065
v
a
Arr-n
ine
0.96
2.1
1.0
2.2
0.73
1.6
0.87
1.9
133
320
132
325
102
253
221
505
Atraz
ine a
nd 01
‘.
1.0
2.2
0.96
2.1
0.91
2.0
0.91
2.0
1M5
359
L5;
393
579
1'573
107
352
LIA-D
mine
0.00
0.04
0.5
0.5
0.5
0.5
0.6
0.6
5082
1.053
as
112
01.5
1,103
35
as
0
0
3
0
5
3
3
2.0-0
ester
0.!
0.“
0.5
0.5
0J0
OJ
0.7
0.7
317
1,2”
31
77
20;
097
15
39
SOY
HWS
7
1 0
0.62
.1
“.1
9.0
3.6
 
All ha
rbici
du
o
m
r
4
5
i
n
I
)
h
r
o
r
.
H
h
.
o
2.286
5.5"
153
370
792
1.590
23
50
v
v
v
10
11.5
203
“.5
L1
2.1
2.2
2.0
2.1
1.7
1.0
2.3
2.»:
(1’0
"
2‘71;
3”
95
"5’
1'1"
5'3
13
Linu
x-on
'l‘ri
flnra
lin
0.9
0.9
1.0
1.1
0.9
0.9
1.0
1.0
“96
1.226
1.
L1
195
1.5:)
3,2
3
Alach1or and
111nm
:
i
5
0
8
0
8
0
8
E
3
5
3
i
0.50
1.1
0.6:.
1.»
0.50
1.1
(
9“
232,
22
5“
5.3
u
SHALL GRAXNS
L11 herbici
des
0.5
0.5
0.5
0.5
0.0
0.00
0.5
0.5
9. 93
119 295
1,562 3.
859 15
9 393
2.0-0 mi
ne
0.5
0.5
0.5
0.5
0.0
0.».
0.6
0.6
27
ea 03
101
ssu 1,
501
71 1
76
8
8
3
2.u-0 est
er
0.5.
0.5
0.»
0.0
0.6
0.0
23
7o
09
221
3:
Ti
HCFA
LC
0.5
0.5
0.5
0.5
0.“
0.“
0.5
0.5
6
15 03
106
‘25 1,
730
SM
125
‘Bcfcre dil
utirg. W i
s weight of
“"3512 pov
ier. ’2? is
vexht cf :
ranilar rnsd
er; 3: .3 v
ein or liq
uid cmmntr
ne
“ h’he
n n: ra
tes an
shown.
no cr i
n:u.‘fl
“-n‘ ﬁ
rms v
erv- Nce
xvec 1‘:
(thin
conciml
v- an.
.
Anus (
«and n
ow than
one. m
cunt-d
for eac
h truth
-12L
  
  
ABLE 9
Rate of application and
estimated area
treated
with major
insecticides
in
four Great
Lakes States
for 1971.
(“calm-‘th
from General
Fan
Use of Insecticides
1971 Hisconsin
and Xllinois.
Michigan and
Minnesota,
Hieconsin Statistical
“WW1”
Service,
Sponsored
by the
Wisconsin
Department
of Agriculture
and
U.S.
Department
of Agriculture
(205))-
O
Averarze rate of anplication par unit area“
[stunted area treated
 
Illinois
Michigan
Minnesota
Hiaconsin
Illinois
Michican
Hinneseu
Wisconsin
.
romu-
_
3
3
3
3
3
3
3
m“
Insecticide
lation'
kg or liter
Lb or qt
kg or liter
lb or qt
kg or liter
lb or qt
kg or liter
lb or qt
Hula
AxlO
Hum
Axlo
Haxlo
Axlﬂ
Haxlo
Ax
CORN
-
PREEHERGENCE
.0
0.82
1.8
3
2.2
“.9
3.3
7.3
3.1
6 9
 
All
insecticidel
VP
1.
2
GP
2.221
5.1400
no
271
673
1.663
330
935
V
v
v
Aldrin
G?
2.5
5.5
2.0
“.3
2.3
5.1
(
67
166
6“
158
LC
1.2
1.3
0.85
0.9
(
915
2'261
quten
GP
3.“
7.”
3.5
7.7
3.8
a.“
3.2
7.0'
22k
55"
5.7
1“
138
CW].
32
79
Diazinan
GP
2.8
6.1
3.“
7.":
3.2
7.1
2.0
It.“
93
230
15
38
38
9“
27
57
 
Heptachlar
GP
2.6
5.0
1.1
2.5
173
023
13
31
12
30
Phorate
GP
3.0
6.6
3.0
5.5
2.5
6.2
375
920
72
179
81
201
Carbofuran
GP
3.7
8.1
3.5
7.8
3.5
7.7
289
713
2160
593
1.72
“2‘3
CORN
- POSTEHERGDJCE
3.5
0.73
1.6
(
7.0
2.7
5 9
0.85
0.9
All
insecticides
90
22 3
l . 2
3
55
136
30
7 5
v
v
Diazinan
3. 2
7.0
3. O
6.7
38
9’»
12
30
Phorate
GP
2.9
6.5
2.3
5.0
36
90
8.9
22
SOYBEANS
All insecticides
LC
1.“
1.5
52
129
1.6
it
“.9
12
 
SHALL
GRAINS
AL]. insecticides
UP
0 .5M
1 .k
(
20
‘39
BS
209
1.6
it
2. 8
7
v
mo
mho
.
4
H
oH
n.
1
Carbaryl
Halatnion
&
‘
6‘4
1 . lb
70
172
A
S
1.1
0.76
0.8
3.5
21
2-“
5
All insecticmes
21
51
68
168
1.6
u
3.2
e
Azinphosmethyl
v
mA
m
A
’
.
-
-
1
m
.
2
«
o
A
n.
4
ﬁ
S
i
’
z
ﬁ
Carbaryl
Diazinon and
(
1
‘
.0
10
25
methoxychlor
(
12
I
D
.
F
l
«
3
.
4
H
N
ON
S
Halathion
LC
1,3
1,0
6.9
17
Ealathion and
~
12
30
.. 2
3
methoxychlor LC
1' 9
2-0
*Before diluting, HP is weight of Hettable powder; GP is weight of granular powder; L'.‘ is volure of liquid concentrate
“
Where no rates are shown,
no or
insufficient
reports were
received to
obtain conclusive data.
9
Areas
treated more
than
once
an
counted
for
each
treatment.
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lauuticidu uud in pron-sing crops. fruit andvagauble production for the Lnlu Michigan resin 92
Vilcmin in 1962 and 1969. Exccrpced and "calculated from Libby, Histonlin Cmtcial Fruit and
chctlblo Production Crop Acreage and Insecticide Una Survey. Mince Kept. (107), Dept. of Entomology.
Univ. of Eileen-in. College: of Agriculture, And Libby and Koval. Viaconain Coma-0101 Fruit. vacuum.
and Prouuing Crop Acreage and Insecticide Uu Survey. Rucutcc kept. 13 (108). Uniwrnicy oi
Iii-com in-nxcomion.
  
1952 1959
Area treateﬂ Insecticide 115:3 Area treated Insecticide used
Inucticido Ha A F3 lb Ha A kl 11>
Aldrin 0,243» 11.079 8.602 18 .960 o o 0 0
Azinphosmthyl 138 3‘31 370 1,918 3 .018 7.‘653 10 .380 23 .930
36013110 -- -- -- -- 369 91.1 -' "'
Mary}. 1.015 2.508 15.175 85.651 0.971 12.097 39.503 010.0017
Chlm. 20 50 39 83 223 550 523 1,385
Chloropropyhto -- -- -- -- 53 131 150 331
DB? 3,265 20,1026 110,1“3 242 .769 1,727 I7.257 9.095 20,036
Maxim 190 “70 8'93 1.857 1,023 2,541. 9.3.73 20.892
DIM”! 1.979 “.890 3.839 3.0103 22 5‘0 31 53
Dun-ton la “5 10 23 2% 59" 79 175
bimbo“. -- -- - -- 8‘0 207 '87 10“
Diwetan -- -- -- -- 1,710 “.226 “.565 10 .053
Endoculfln 559 1,381 965 1,907 2,328 5.753 HJWS 9,797
Endrin 1.70» 0.310 915 2.019 0 o 0 0
Ethion 300 939 796 1.750 357 881 511 1.126
aux-dan- -- -- -- -- 225 557 2.59»; s .710
0.9111. 59 170 509 680 0 0 0 0
mptnohlor 3.2 a 1. a u o o 0 0
“113‘”. 127 315 129 28“ 7“ 182 1u2 312
Load mount. 1.255 9.100 as .092 105.979 1.928 n .516 39 .007 86,858
Hal-thin 2,1052 5.059 25.239 57,83“ 2,077 5,133 13,739 30,280
Hothoxychior 798 1.971 20.77“ 145,788 96 236 1,102 2.“29
Hot-«Synod -- - -- - '07 115 25 58
“0713]!!!” 956 2 .853 686 1,512 385 952 232 822
Hothouyl -- -— ~- -- 1.197 2 .957 a .039 0.990
Hit“ "9 122 1‘45 322 0 D 0 O
Ion-tun -- -- -- -- 3“ 83 ‘0“ 95
"I106 259 865 302 565 155 355 250 550
M 191 '‘73 31W 758 0 0 0 0
Pmthion “.3‘“) 10.725 17.169 37,3‘73 5.065 12.515 11,578 25.51“
tht. 2.013 “.975 5.876 12,952 5,688 1“.055 15.293 35.390
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A comparison between the
survey
in 1962
(107) and
that in
1969
(108)
revealed a decreasing trend in the area treated and total quantity of
insecticide applied (Table 10).
Howevar, there was a significant shift
in the kinds of chemicals uSed.
The use of organochlorine insecticides,
especially DDT, aldrin, methoxychlor, TDB (DDD), toxaphene, dieldrin and
endrin,was either decreased drastically or discontinued entirely. This
was accompanied by a rapid increase in the use of carbamate (particularly
carbaryl) and organophosphorous (diazinon, phorate, disulfoton, and
phosphamidon) insecticides.
It has been shown in the preceding discussion that pesticides are uSed
widely in the Great Lakes Region. In one way or another, more than half
of the harvested area for crop production has been treated with pesticides.
Herbicides are the predominant pesticides used and their use has been
increasing in recent years. Shifts to use of differentinsecticides are
evident. The use of organophosphorous and carbamate insecticides has
increased, while the use of organochlorine insecticides has declined
sharply. Field crops receive most of the pesticides, particularly the
herbicides and inSecticides. Major proportions of the herbicides and
insecticides have been used to protect row crops, i.e., corn and soybeans.
Sweet corn, potatoes and apples received considerable insecticidal treatment.
The surveys mentioned, though not accurate, represent the best avail-
able data. Obviously, more comprehensive inventories of the kinds and
amounts of pesticides used in the region are needed, especially since some
organochlorine insecticides were placed on the restricted use list.
3.2 Length of Time of Pesticide Usage Practice on Agricultural Land
The use of pesticides dates back a hundred years, but usage did not
increase tremendously until about 19u5 when DDT was introduced commercially.
A rapid growth of the organic pesticide industry followed for the next two
and a half decades (184). Chemical control has revolutionized agricultural
production, with the attainment of high crop yields never before realized.
Almost all agricultural practices formerly used to combat weeds, insects,
and diseases were shifted to favor the use ofpesticides. Since the intro—
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duction of DDT, a myriad of chemicals have been synthesized. Approximately
3Q,500 pesticide products are currently registered with EPA and USDA (67).
Farmers use the largest volume of pesticides, but about one half of the
registered products are utilized bypersons other than farmers.
DDT was believed to be used first in the Great Lakes watershed in the
late leuo's (148). Although no comprehensive record exists of the types
and amounts of pesticides used for various crops grown in the watershed,
fragmentary evidence presented under Section 3.1.2 shows that pesticides
have been used extensively, probably for the past 25 years. Types and
amounts of pesticides used depend upon the crop grown. Field crops and
orchards have been treated quite heavily while pasture land received
little. Only in recent years have attempts been made to restrict the use
of the persistent organochlorine insecticides and replace them with the
less persistent organophosphorous and carbamate types of insecticides.
3.3 Types and Nature of Pesticide Pollutants
All agriculturally—applied pesticides are potential pollutants of
aquatic ecosystems. The type andnature of pesticide residues reaching
the Great Lakes from agricultural watersheds is controlled largely by:
l. amounts, intensities,and lengths of time pesticides have been applied;
2. persistence and/or residence time in the watershed; and 3. mobility of
residues.
3.3.1 Insecticides
The organochlorine insecticides are the pesticides most studied from
the standpoint of environmental contamination. Because of their long
persistence in soils they provide a greater potential than other pesticides
for contaminating aquatic systems. Furthermore, their low water solubilities
make them strongly adsorbed to soil colloids, facilitating transportation
by erosion. Numerous persistency studies indicate that the residence time
of such commonly-used compounds as DDT, dieldrin, aldrin, chlordane,
heptachlor, and lindane in soils is several years (#5), and DDT is detected
2“
  
frequently over a decade after application.
Use of organophosphorous and carbamate insecticides increased rapidly
following restriction on the use of organochlorine insecticides in many
Great Lakes States after 1969. Although organophosphorous compounds are
more toxic to mammals than the organochlorine compounds, they persist for
a relatively shorter length of time in soils (94). Similarly, the carba-
mates
do
not
persist
long
in
soils
(158)-
3.3.2 Herbicides
Herbicides are generally less ubiquitous in the environment than
organochlorine insecticides. However, compounds such as s-triazine herbi—
cides, picloram, monuron and related substituted ureas, and 2,u,5-T often
remain in soils for at least a year after application (5). Atrazine is a
widely-used herbicide for field crops, particularly corn. 2,u—D and the
carbamate herbicides are short-lived in soils.
3.3.3 Fungicides
Unlike herbicides and insecticides, the fate of fungicides in soils is
practically unknown. Major usage of fungicides occurs in orchards and
vegetable farms, which abound in the Great Lakes watersheds. Mercurial
fungicides have been a recent concern following the detection of mercury
contamination of the Great Lakes in early 1970 (182). SinCe the use of
mercury fungicides has been severely restricted, agricultural usage of
mercury is negligible in comparison to industrial usage (15”). In addi-
tion, the proportion of croplands treated with fungicides is small compared
to the area treated with herbicides and insecticides. Considering these
facts, it is doubtful that agricultural fungicides are contributing pollu-
tion to the Great Lakes.
3.3.u Degradation Products
It i
s we
ll k
nown
that
the
meta
boli
tes
dete
cted
usua
lly
in t
he p
arti
al
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1
ti‘ degradation of DDT are DDE in aerobic systems and TDB (DDD) in anaerobic
%£ systems. DDE appears to be resistant to aerobic and anaerobic metabolism,
'1 thus its accumulation is possible in aquatic environments. Other pesti—
cides may be metabolized to compounds equally or more active than the
parent compound, as shown in the epoxidation of aldrin and dieldrin.
Metabolites of many pesticides have not, as yet, been clearly identified,
nor have their possible toxicity, persistence and accumulation in the aquatic
ecosystem been defined adequately.
‘§_; 3.” State-of—the—Art in Assessing and Quantifying Problems
5 The discussion of this section is covered extensively and is integrated
in several sections, namely, 3.1.2, 3.5, and 3.6, and no further discussion
is presented in this section.
3.5 Mobility of Pesticides in Soil, Groundwater, and Surface—Water Systems
Pesticides used to protect crops and pastures from weeds, insects, and
diseases may enter the Great Lakes via: 1. the atmosphere, 2. groundwater,
;,;;_ and 3. surface runoff. The discussion on pesticide entry will not be limited
I to information gathered in and around the Great Lakes Basin, but will include
pertinent information obtained elsewhere.
A general scheme of the distribution and fate of herbicides in the
biosphere is shown in Fig. l (55). Although the diagram was prepared for
herbicides, it is equally applicable to other pesticides and is entirely
self—explanatory.
3.5.1 Pesticide Movement to the Atmosphere
The atmosphere becomes contaminated with pesticides by: l. drift
during application, 2. volatilization, direct or from soil and other
surfaces, and 3. wind erosion. That the atmosphere is contaminated with
pesticides is well—documented (52).
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Fig. 1 Scheme showing the possible distribution and fate of
herbicides and their degradation products in the
biosphere. Redrawn from Fay and Bingham (55).
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3.5.1.1 Drift
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3.5.1.2 Volatilization
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 142, 173, 175, 176, 200, 202), soil organic matter content (2, 70, lu3,
173) and pesticide concentration in the soil (51, 175).
Field measurements indicate that significant volatilization loss
may occur if pesticides are not incorporated in the soil. Losses have
been observed for DDT (85, 200), TDE (DDD) (200), dieldrin (30, 176, 202),
endrin (201), TDE (200), lindane (174, 175, 176), heptachlor (31), and
IPC and CIPC (lu2). It appears that incorporation of some of the more
volatile pesticides into soil immediately after application is necessary
to prevent excessive loss to the atmosphere. However, under normal
farming practice pesticide incorporation is not always possible. Many of
the herbicides are mixed into the soil or banded in the row below the
soil surface, while many insecticides and fungicides are applied on soil
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3.5.1.3 Wind Erosion
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 (38, 19%).
Their distribution away
fromapplication sites is dependent
on the prevailing wind movement and rate of fallout.
Pesticide-laden
dust may also
originate from dislodgement
of the
soil-pesticide complex
due to wind erosion (38, 121).
Wind erosion may provide an important
atmospheric source of pesticides when the pesticides are redeposited on
watersheds
and
waterbodies.
Earlier discussions show ample evidence of atmospheric contamination
by pesticides from drifting spray, by air-borne particulate matter, and
through volatilization from soil surfaces. Bythese means, the potential
for polluting areas not treated directly withpesticides is great when
the pesticides are removed from the atmosphere through gravitational
fallout and rain washout. Precipitated dust collected in Cincinnati
after a dust storm indicated the presence of DDT, chlordane, Ronnel,
and DDE as the major pesticide components of the dust (38). Heptachlor
epoxide, 2,“,5-T and dieldrin were present in lesser amounts. The
concentration ranged from 3 ng/g (3 ppb) dieldrin to 600 ng/g (600 ppb)
DDT based on the air-dried weight of the dust. It was believed that the
dust originated in the southeast of the United States where agricultural
fields were treated heavily withpesticides. A country-wide attempt to
determine atmospheric contamination by pesticides was performed by
collecting samples in nine locations which included urban and rural
sampling sites (178). Nineteen pesticides and metabolites were sought
in the samples. Detected pesticide levels ranged from the lower level
of detection of 0.1 ng/m3 air (2.67x10'12 ounces/yds) to as high as
1,560 ng/m3 (n.15xio‘° ounces/yd3) p,p’ DDT, 2,520 ng/m3 (6.73x10"
ounces/yda) toxaphene, and 465 ng/m3 (1.24x10-a ounces/yda) parathion.
Only DDT was found in all localities. LeVels of DDT in the atmosphere
were higher in agricultural areas, and atmospheric content was more
closely correlated with spraying activitiesthan with rainfall.
Data revealed that DDT distribution in coastal and oceanic waters
results from fallout of airborne particulate material (151). This implies
that a vast areaof water surface, such as the Great Lakes, may receive
significant inputs of pesticides from the atmosphere (89). Normal levels
of airborne pesticides could be low, but thereturn of these compounds
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3.5.2 Pesticide Movement to Groundwater
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and to a lesser extent with clay content.
Retention of acidic and basic
compounds is affected markedly by soil pH (an, 75, 79, 189, 192).
Soil
reaction controls the overall charge of the molecule and hence its adsorp—
tivity to clay and organic colloids.
The organic cations, diquat and
paraquat, are held strongly by clay minerals and are often adsorbed
irreversibly (193). Weakly~adsorbed water—soluble compounds are desorbed
readily by water and hence pose a greater potential for leaching, depend-
ing upon the composition and amounts of the soil colloidal fractions.
Numerous studies have been conducted to determine the relative mobiln
ities of pesticides in soils. The findings of these investigations are
summarized in Table ll (82). The organochlorine insecticides—~which have
limited water solubility--arethe least mobile, followed by the organophos—
phorous insecticides. The water—soluble acidic herbicides are most mobile.
Most of the pesticides, such as triazines, phenylureas and carbamates,
have intermediate mobility. Within a diverse group of pesticides, relative
mobility is related essentially to solubility.
Organochlorine insecticides are, in general, nonleachable. Field
trials have shown that they are retained largely in the upper 15 to 20 cm
layer of most agricultural soils (1”, 38, 37, 46, 102, 112, 117, 133, 167,
180, 199, 203) including aquifers (159). Any movement to lower depths and
subSequently to water tables is attributed by some investigators to be the
result of the physical transport of adsorbed or particulate compounds by
water through vertical cracks formed during dry periods (180, 199). Thus,
holes made by soil animals may be important in the downward movement of
pesticides.
Limited data on pesticide concentration in groundwater collected on
treated watersheds and in wells indicate that low or negligible quantities
of pesticides are transported through the soil profile (88, 90). However,
in areas with a shallow and fluctuating water table, frequently found in
coastal sandy soils (102) and aquifers (159), appreciable amounts of
pesticide may find their way to the underlying water; this is especially
true for the soluble herbicides. Toxaphene and fluometuron which reached
groundwater were foundby LaFleur et al. (102) to persist for a year.
In summary, the entry of a particular pesticide to groundwater is
defined by soil type, depth to water table, rainfall infiltration and
33
 
    
TABLE ll
Relative mobility of pesticides in soils*
(Adapted from Helling et al. (82).)
Mobility Class**
5 u 3 2 l
TCA+ Picloram Propachlor Siduron Neburon
Dalapon Fenac Fenuron Bensulide Chloroxuron
2,3,6-TBA Pyrichlor Prometone Prometryne DCPA
Tricamba MCPA Naptalam Terbutryn Lindane
Dicamba Amitrole 2,H,5—T Propanil Phorate
Chloramben 2,4—D Terbacil Diuron Parathion
Dinoseb Propham Linuron Disqubton
Bromacil Fluometuron Pyrazon Diquat
Norea Molinate Chlorphenamidine
Diphenamid EPTC Dichlormate
Thionazin Chlorthiamid Ethion
Endothall Dichlobenil Zineb
Monuron Vernolate Nitralin
Atratone Pebulate C—6989
WL 19805 Chlorpropham ACNQ
Atrazine Azinphosmethyl Mbrestan
Simazine Diazinon Isodrin
Ipazine Benomyl
Alachlor Dieldrin
Ametryne Chloroneb
Propazine Paraquat
Trietazine Trifluralin
Benefin
Heptachlor
Endrin
Aldrin
Chlordane
Tbxaphene
DDT
*From data of Gray and Weirlich (6M), C. I. Harris (77), Helling (81), Koren et
al. (101), Nash and Woolson (133), and many other references.
**Class 5 compounds (very mobile) to Class 1 compounds (immobile); in each class
pesticides are ranked in estimated decreasing order of mobility.
+Names of herbicides are set in normal type; insecticides, fungicides, and
acaricides in italics.
3H
 persistence
of
the
compound
in
the
soil.
Available
information
indicates
that
pesticide
contamination
of
groundwater
under
normal
agricultural
usage
is
minimal.
However,
a
need
exists
for
more
information
on
the
extent
of
pesticide
pollution
as
pesticides
are
known
to
enter
underlying
water
through
cracks
and
through
sand
and
aquifers.
The
fate
of
pesti—
cides
in
subsurface
environments
and
movement
of
contaminated
groundwater
to
aquatic
systems
is
absolutely
unknown
(155).
3.5.3
Pesticide
Movement
by
Surface
Runoff
Pesticides
present
on
agricultural
land
may
be
transported
through
surface
runoff
either
in
solution
and/or
as
adsorbed
molecules
on
suspended
eroded
soil
particles.
Since
surface
soils
are
susceptible
to
erosion,
pesticides
retained
in the
plow-depth layer are potentially transportable
by
surface drainage.
The rate
and magnitude
of pesticide loss by runoff
depends principally on soil properties, nature of the pesticide, and
climatic factors such as frequency, intensity, and duration of rainfall
(9, 22, #9, 50, 8k, 138). Modifying factors include topography, vegeta—
tive cover, rate of application, time between application and first
rainfall, and size of the watershed (12, 15, 2M, 73, 199). The movement
and persistence of pesticides in the soil affect the amount of residues
present in the surface soil as well as that in runoff.
Factors affect—
ing the movement and persistence of pesticides in soil have been reviewed
(10, 45, 82, 95).
Surface runoff from agricultural watersheds has been implicated as
the major avenue of pesticide input to the Great Lakes and other aquatic
systems (35, 103, 131, 139, 148, 204), especially the organochlorine
insecticides. As yet, no comprehensive effort has been made to determine
the contribution of agricultural runoffto the total pesticide burden of
the environment. Investigations conducted in small treated watersheds
demonstrated the lateral movement of pesticides, and data from several
studies are summarized in Table 12 (1&4). Table 12 reveals that losses
of most organochlorine insecticides relative to the amount applied are
low even for surfaCe—applied insecticides. Once the soils are contaminated
with the more persistent organochlorine insecticides like DDT, these
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 compounds will reside in the soil for an indefinite period of time and
are capable of being carried from one season to the next (8M). Thus, the
possibility exists that persistent pesticides associated with the soil are
subjected continually to runoff, thereby providing a steady, low—level
residue to aquatic systems.
Generally, investigations show that pesticide concentrations in runoff
are many times greater in the period immediately following application than
at later times (12, 22, 30, H6, #9, 152, 181, 199). This period may last
for as much as u months but is time—dependent. Levels at later periods
would depend mainly on the pesticide reservoir residing in the soil that
is available for transport. Processes such as volatilization, adsorption,
degradation, photodecomposition, and leaching will determine, to a large
extent, the level of residues remaining at a particular time.
Periods of accelerated loss following application are observed for
several herbicides (Table 12). Rainfall or irrigation occurring immediately
following application caused large losses of weakly adsorbed compounds
(12, 181, 196) and accelerated loss of the more strongly adsorbed compounds
(30, #9, 72, 84, 199). Losses of 2,u-D varied according to the formulation
and decreased with increase in solubility. This suggests that downward
movement of more soluble compounds into the soil protects them from runoff.
In most treated farmlands, loss following application appears to be
affected not only by the availability of runoff—causing rainfall but also
on the elapsed time between application and rainfall. Some studies show
that concentration of endrin and aldrin in runoff decreased by a factor
greater than two where rainfall was delayed 3 to 7 days (72, 199). The
time interval from application to the first irrigation affected the amount
of picloram remOVed with surface water or leached into the soil profile of
semi-arid rangelands (157). The lower levels associated with delayed rain-
fall or irrigation is probably attributableto reduced quantities of
residues resulting from degradation, volatilization, and photodecomposi-
tion. This is of greater importance with the more volatile and less
persistent pesticides. Persistent pesticides tend to accumulate in the
top
soil
maki
ng t
hem
acce
ssib
le f
or t
rans
port
atio
n du
ring
peri
ods
of r
unof
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It is evident that pesticide concentrations are generally higher in the
sediment than in the runoff water (24, 30, 72, 196). This relative distri-
bution between the two phases expressed as ratios of pesticide concentrations
in runoff water to that adsorbed to the suspended sediment ranged from 1:2
to 1:1000 for most organochlorine insecticides (30, 72, 150, 168) and 1:10
to 1:20 for triazines (7%, 196). Although concentrations were higher in the
sediment, greater total losses were associated with the runoff water due
to its greater volume. This emphasizes the importance of reducing erosion by
sound soil management and conservation practices to minimize the pesticidal
load of the runoff.
The concentrations and losses reported relate to runoff as it immediately
leaves a specific watershed area. Under actual field conditions, agricul-
tural watersheds are seldom treated completely. Studies have shown that
losses of diuron, picloram, 2,4-D, and 2,u,S-T diminished as a function of
distance from the treated field (50, 117, 181). All herbicide concentrations
dropped below the limit of detection within a few hundred meters below the
sprayed area (50)° These data suggest that runoff originating from treated
areas is diluted by runoff arising from untreated areas. Furthermore,
uncontaminated suspended particles may adsorb the pesticide present in the
water and, together with the originally contaminated sediment, become
partially redeposited across the path of the runoff. The amount of a
pesticide entering tributaries and lakes depends upon the reactions it
undergoes during its travel over land.
Limited studies have beenconducted for monitoring pesticide movement
over large agricultural watersheds. In such investigations the drainage
streams and/or near-shores of the lakes were sampled usually to determine
pesticidal pollution from surrounding drainage areas. In Lubbock County,
Texas, 18 rural lakes draining extensively—farmed areas were sampled on
a routine basis following runoff-producing rainfall for a period of 18
months (195). No measurable concentrations of any of the herbicides or
insecticides used commonly in the area were detected in the water samples.
Dieldrin, aldrin, and DDT were the only insecticides found in the lake
sediments, with dieldrin being present in almost 80% of the samples. The
38
 sediment
samples
contained
no
detectable
herbicides.
Seasonal
variations
in residues
of organochlorine pesticides
in the
water
of the
Utah Lake
drainage
system were determined
in 1970-71
(25).
Definite
surges
of
pesticide
[l
ug/l
(1
ppb)
or
more}
enter
Utah
Lake
three times a year, i.e.7 early spring, late spring, and fall, generally
corresponding to the application times of pesticides by farmers in the
area.
The pesticides involved were mainly aldrin and BBC in early spring;
heptachlor including heptachlor epoxide and methoxychlor in the late
spring; and aldrin, heptachlor and methoxychlor in the late fall.
Runoff losses of DDT and dieldrin occurring in a 40,500 ha (100,000
acres) watershed draining the tobacco belt of southern Ontario to Lake
Erie were determined by Frank et al. (58). It was calculated that 10 kg
(22 lb) of DDT and 0.6 kg (1.3 lb) of dieldrin reached Lake Erie from the
watersheds in runoff water or on suspended material. This represented
0.003% of DDT and 0.004% of the dieldrin resident in the watershed soil
which were 325,000 kg (716,300 lb) and 14,500 kg (32,000 lb), respectively.
As water and sediment entered Long Point Bay and moved into Lake Erie,
insecticide residues became considerably diluted.
In October 1968, chlordane and dieldrin were applied on 1,710 ha
(4,225 acres) of land bordering Lake Michigan in southeastern Michigan
(Chikaming Township, Berrien County) to control Japanese beetle infestation.
The aerial application was made using 2,824 kg (6,225 lb) of technical
dieldrin and 5,043 kg (11,115 lb) of technical chlordane. The impact of
this application to Lake Michigan was monitored by residue measurements
in water, sediment, and mussel tissue before and after treatment at two
control and four test stream stations (204). Prior to treatment, mean
concentrations of chlordane were <0.2 ug/l (<0.2 ppb) in the water,
<50 ng/g (<50 ppb) in the sediment, and 34 ng/g (34 ppb) in mussel tissue.
The mean dieldrin concentrations before treatment were <0.02 ug/l (<0.02 ppb)
in water, <5 ng/g (<5 ppb) in sediment, and 7.83 ng/g (7.83 ppb) in mussel
tissue. Following treatment, the chlordane concentrations in water, sediment
and mussel tissue reached individual station highs of 3.4 ug/l (3.4 ppb),
22,000 ng/g (22 ppm), and 7,530 ng/g (7.53 ppm), respectively; and dieldrin
 
     
 
 
concentrations reached 2 ug/l (2 ppb), 2,000 ng/g (2 ppm) and 1,137 ng/g
(1.137 ppm), respectively.
Movement of pesticides from treated fields to stream waters occurred
in the first 3 months after application as shown for dieldrin (Fig. 3).
Based on the discharge flow to the streams an estimated 5.1 kg (11.3 lb)
of dieldrin was contributed to Lake Michigan by streamwater in the 21
months following treatment; this represented 0.18% of the total application
of 2,824 kg (6,225 lb) dieldrin.
Stream sediments continued to show low, but detectable concentrations
of chlordane 12 months after treatment. No further monitoring was done
after this period. Dieldrin was still present in the sediment 21 months
after application at concentrations of 60 to 250 ng/g (60 to 250 ppb).
Chlordane and dieldrin concentrations in the stream sediments were high
during periods of high flow. This is indicative of the strong affinity
of these pesticides to the eroded soil particles and/or to suspended
sediments in the streams. Probably bedload, allochthonous, and autoch-
thonous organic materials play significant roles in the transport and
accumulation of insecticides in the Great Lakes.
To determine whether North Shore streams in the Minnesota drainage
basin of Lake Superior are important contributors of pesticides, samples
of water and clams collected from 24 streams were analyzed for p,p’—DDT,
0,p’—DDT and DDE within an 8-month period starting in May, 1972 (127).
Under conditions of normal flow, very little insecticide contamination was
being contributed to Lake Superior by those streams. Highest values
[20 to 21.8 ug/l (20 to 21.8 ppb) p,p'—DDT] occurred in water samples
from Lester and Lower St. Louis Rivers following a heavy runoff in October.
Ordinarily, median levels in these rivers were 0.03 and 0.02 ug/l (0.03
and 0.02 ppb), respectively. The median value for all other streams was
0.01 ug/l (0.01 ppb). Native clams from the St. Louis River had accumu—
lated appreciable amounts of p,p'—DDT ranging from 93 to 1,630 ug/l (93 to
1,630 ppb) indicating that this river carries an appreciable load of DDT
on either an intermittent high level during heavy rains or a constant low
level basis. Although this study did not isolate the sources of contami-
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nants from the drainage basin, it suggests variations in pesticide usage
in the different drainage areas of Lake Superior.
Organochlorine insecticide residues in streams draining agricultural,
urban-agricultural,
and resort areas of Ontario,
Canada,
were
Compared
by analysis of water, sediment and fish (125). The greatest transport
of total DDT (includes p,p'-DDT, 0,p'-DDT, p,p'-TDE, 0,p'-TDE, p,p'-DDE)
occurred from the resort area with a peak of 5.u kg (11.8 lb) total DDT
per week and an average of 0.86 kg (1.9 lb) total DDT per week. Corre—
sponding figures from the urban-agricultural area were peak 1.1 kg (2.5 lb)
and average 0.18 kg (o.u0 lb) total DDT per week, and from the agricultural
area peak 0.23 kg (0.50 lb) and average 0.09 kg (0.20 lb) per week. Dif-
ferences can be explained partly bydifferences in techniques of applica-
tion. In the agricultural area, DDT was incorporated into the soil, while
in the resort area it was applied by ground or air application. Further-
more, the resort area is practically devoid of true soil and the pesticide
accumulated mostly on surface detritusand moved easily with surface runoff.
Pesticide residues reaching aquatic environments in an adsorbed state
can remain adsorbed with eroded soil particles and become part of the
sediment. Residues in solution can be adsorbed by particulate matter
including microbial flocs in the water. Thus, the sediment and particulate
matter in water is a predominant feature controlling the accumulation and
fate of pesticides in waterbodies (36). Microbial flocs are known to con-
centrate pesticides from water (106). Factors affecting sediment-pesticide—
water interactions and pesticide persistence in aquatic systems were
reviewed recently by Pionke and Chesters (luu). Although adsorption
enhances decontamination of the overlying water, it simultaneously in-
creases the build—up of pesticides in the bottom sediment.
3.6 Natural Renovation Mechanisms Available to Remove Pesticide Residues
in Soils and Aquatic Environments
Pesticides remaining in soils and those present in waterbodies are
subjected continually to dissipation processes acting either singly or
42
 interactively.
The
mechanisms
of
dissipation
include
adsorption,
degrada—
tion
(photo,
chemical
and
microbial),
plant
uptake,
volatilization,
leaching,
and
surface
runoff.
The
last
three
are
means
by
which
pesticides
move
from
one
segment
(i.e.,
agricultural
watersheds)
of
the
ecosystem
to
another
(atmOSpheric
and
aquatic
systems),
and
these
are
discussed
in
Section
3.5.
Dissipation
processes
except
leaching
and
runoff
are
similar
for
both
soil
and
aquatic
environments.
HOWever,
rates
of
pesticide
dissipation
may
vary
because
of
the
differences
in
environmental
conditions
in
the
two
systems.
While
pesticides
have
inherent
but
varying
degrees
of
persistency
because
of
their
chemical
nature,
their
longevity
in
these
environments
is
modified
by
edaphic,
climatic,
and
limnological
factors
(144).
In
this
section,
pesti-
cide
losses
resulting
from
adsorption,
degradation,
and
plant
uptake
are
presented,
followed
by
a
summary
of
their
persistence
in
soil
and
aquatic
systems.
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3.6.1
Adsorption
The effect of adsorption on pesticide movement is discussed at length
in Sections 3.5.1,
3.5.2 and 3.5.3.
Adsorption is an indirect mechanism
of dissipation from the environment because it affects degradation rates
and reduces pesticide bioactivity and volatility.
Degradation rates of
pesticides may be decreased or increased by adsorption depending upon the
mechanism by which the compound is degraded.
Adsorption by soil or sediment
can stabilize pesticides against biodegradation while, in some cases, chem—
ical degradation is accelerated. Furthermore, the availability of adsorbed
pesticides
to
plants
may
be
reduced
markedly.
3.6.2 Photodecomposition
Photochemically—induced degradation occurs at surfaces, and pesticides
residing at the soil surface are more subject to photodegradation than those
incorporated into the soil. Additionally, photodecomposition has been
observed in aqueous environments. Reviews on pesticide photodecomposition are
available (40, 41, 42, 145). The practical significance of photodegradation
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as a means of pesticide removal in soil and aquatic systems has not been
dete
rmin
ed q
uant
itat
ivel
y be
caus
e of
the
diff
icul
ty o
f in
terp
olat
ing
data
gathered in the laboratory to field conditions. In natural systems,
phot
oche
mica
l re
acti
ons
occu
r si
mult
aneo
usly
with
adso
rpti
on a
nd m
icro
bial
deco
mpos
itio
n, b
ut i
n mo
st c
ases
the
phot
odeg
rada
tion
reac
tion
s ar
e co
m—
para
tive
ly s
low.
Howe
ver,
the
poss
ibil
ity
exis
ts t
hat
phot
odec
ompo
siti
on
contributes to the airborne dissipation of some pesticides.
Pho
toc
hem
ica
l d
egr
ada
tio
n h
as
bee
n d
emo
nst
rat
ed
for
man
y p
est
ici
des
incl
udin
g a
numb
er o
f or
gano
chlo
rine
inse
ctic
ides
.
DDT
was
foun
d to
degr
ade
slowly in sunlight to BBB, TDE (DDD) and other products (146). Aldrin
and
diel
drin
, up
on e
xpos
ure
to s
unli
ght,
were
conv
erte
d to
phot
oald
rin
and
phot
odie
ldri
n, r
espe
ctiv
ely
(153
).
Phot
oald
rin
was
appr
oxim
atel
y tw
ice
as
toxic as the parent compound to insects and mice. Other related insecti-
cide
s ph
otol
yzed
by s
unli
ght
incl
ude
chlo
rdan
e, e
ndri
n, h
epta
chlo
r, i
sodr
in
and methoxychlor.
3.6.3 Plant Uptake
The
use
of t
rap
plan
ts t
o re
move
pest
icid
es f
rom
soil
and
wate
r sy
stem
s
has been suggested (55). This potential environmental cleanup method was
based on the fact that many terrestrial and aquatic plants are capable of
absorbing and translocating pesticides (45, 96), followed by possible
detoxification of the compound to less active components.
Several terrestrial crops were found to absorb chlorinated insecti-
cides (17, 110, 113, 132, 135), and evidence of metabolic breakdown was
indicated for DDT, heptachlor, endrin, y-BHC and aldrin. Corn, which is
resistant to the s-triazine herbicides—-atrazine and simazine--absorbed
these herbicides from soils and metabolized them to nonphytotoxic compounds
(129
).
Diss
ipat
ion
of a
traz
ine
from
soil
s th
roug
h up
take
by c
orn,
sorg
hum
and johnsongrass has also been studied (169).
Many species of algae and aquatic plants were able to remove low
concentrations of herbicides, namely, 2,4-D, amitrole, atrazine, dicamba,
dichlobenil and diphenamid, from water (21). Once absorbed, most of the
44
  
pesticides
were
metabolized
by
various
aquatic
plants
and
algae.
Metabo-
lism
was
rapid,
particularly
with
the
algae.
In
some
instances,
portions
of
the
metabolites
and
undegraded
herbicides
were
released
back
to
the
water.
In
another
investigation
it
was
shown
that
algae
were
able
to
concentrate
pesticides
by
a
factor
of
severalfold
and
were
generally
more
resistant
to
pesticide
toxicity
than
higher
members
of
the
food
chain.
This
suggests
that
phytoplankton
and
aquatic
weeds
can
remove
effectively
the
low—level
concentrations
of
pesticides
normally
encountered
in
aquatic
systems
and
metabolize
them
to
less
active
compounds.
Sorption
of
herbicides
by
weeds
results
frequently
in
the
death
of
the
plant.
If
degradation
of
the
herbicide
is
slow,
the
sorbed
herbicide
may
be
returned
to
the
soil
or
lake
sediment
where
the
dead
weeds
undergo
decomposition.
Fer
example,
in
an
aquatic
weed
control
program,
using
paraquat
and
diquat,
the herbicides were not
detected
in the
sediment until
the dead weeds had settled to the bottom sediment and had been subjected to
decomposition processes (57).
Upon decay of the dead weeds the herbicides
were either released and adsorbed by the sediment or remained bound with
the
settled organic material.
In addition,
certain
pesticides may be
absorbed and translocated without degrading as shown in the case of dieldrin
uptake by corn (19), or simply may be converted to another active compound
as was found for enzymatic conversion of aldrin to dieldrin in peas (110).
Plant-absorbed pesticides which are resistant to metabolic breakdown
within the plant either become part of the food chain or are returned to
the soil or sediment.
Probably the extent of pesticide detoxification by plants is small,
as uptake is limited by spatial availability of the pesticides and by the
sorption capacity of the plant. However, a great need exists to better
understand the mechanism of pesticide dissipation through plant uptake.
Included in these investigations must be a search for terrestrial and
aquatic plants that are efficient in detoxifying a wide spectrum ofpesti-
cides absorbed by them.
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3.6.u Chemical Degradation
No
nb
io
lo
gi
ca
l
pr
oc
es
se
s
of
pe
st
ic
id
e
br
ea
kd
ow
n
in
so
il
s
an
d
se
di
me
nt
s
ha
ve
lo
ng
be
en
re
co
gn
iz
ed
.
Ch
em
ic
al
re
ac
ti
on
s
of
pe
st
ic
id
es
ma
y
oc
cu
r
in
de
pe
nd
en
tl
y
of
so
il
or
th
ey
ma
y
be
so
il
—c
at
al
yz
ed
.
Ex
te
ns
iv
e
co
ve
ra
ge
of
th
is
to
pi
c
is
pr
ov
id
ed
in
th
e
co
mp
re
he
ns
iv
e
re
vi
ew
by
He
ll
in
g
et
a1.
(82).
Th
e
ch
em
ic
al
hy
dr
ol
ys
is
of
or
ga
no
ch
lo
ri
ne
in
se
ct
ic
id
es
ha
s
no
t
re
ce
iv
ed
as
muc
h
att
ent
ion
as
tha
t o
f t
he
org
ano
pho
sph
oro
us
ins
ect
ici
des
and
her
bi-
cid
es.
Evi
den
ce
for
the
che
mic
al
dec
omp
osi
tio
ns
of
chl
ord
ane
,
tox
aph
ene
,
hep
tac
hlo
r,
DDT
,
die
ldr
in
and
end
rin
hav
e
bee
n r
epo
rte
d
in
dry
,
aci
dic
cla
y d
ilu
ent
s u
sed
in
ins
ect
ici
dal
for
mul
ati
ons
(53
).
Che
mic
al
con
ver
-
sio
n o
f e
ndr
in
to
two
iso
mer
s——
ket
one
and
ald
ehy
de-
—wa
s o
bse
rve
d i
n d
ry,
aci
dic
soi
ls
but
noc
onv
ers
ion
occ
urr
ed
in
the
pre
sen
ce
of
moi
stu
re
(53
,
134
).
DDT
con
ver
sio
n t
o B
BB
has
bee
n s
how
n t
o o
ccu
r i
n m
ois
t a
nd
dry
soi
ls
ran
gin
g i
n t
ext
ure
fro
m s
and
y l
oam
to
cla
y u
nde
r a
wid
e r
ang
e o
f
pH
val
ues
(136
).
Inc
rea
sin
g t
he
soi
l p
H b
y l
imi
ng
and
add
iti
ons
of
Feg
oa
and
A12
03
to
the
soi
l f
ail
ed
to
enh
anc
e c
onv
ers
ion
of
DDT
to
BBB
.
Dat
a i
ndi
cat
e t
hat
the
pre
dom
ina
nt
mec
han
ism
of
con
ver
sio
n o
f D
DT
in
moi
st
soi
l i
s b
y a
mic
rob
ial
pat
hwa
y,
whi
le
che
mic
al
deg
rad
ati
on
is
pre
dom
ina
nt
in
dry
soil
.
Sim
ila
r f
ind
ing
s h
ave
bee
n r
epo
rte
d f
or
hep
tac
hlo
r (
23).
Con
ver
sio
n o
f h
ept
ach
lor
to
l—h
ydr
oxy
chl
ord
ene
was
rap
id
in
a s
eri
es
of
dry
soi
ls
of
low
org
ani
c m
att
er
con
ten
t.
The
rea
cti
on
did
not
pro
cee
d
in soils of high organic matter content.
Res
ult
s o
f t
hes
e i
nve
sti
gat
ion
s i
ndi
cat
e t
hat
che
mic
al
bre
akd
own
may
pla
y a
sig
nif
ica
nt
rol
e i
n t
he
dis
sip
ati
on
of
soi
l-a
dso
rbe
d o
rga
noc
hlo
rin
e
ins
ect
ici
des
dur
ing
dry
per
iod
s.
How
eve
r,
muc
h m
ore
inf
orm
ati
on
is
req
uir
ed
on
the
rat
es
of
the
se
con
ver
sio
ns
and
on
the
env
iro
nme
nta
l c
ond
i-
tio
ns
whi
ch
pro
mot
e t
his
typ
e
ofo
rga
noc
hlo
rin
e i
nse
cti
cid
e d
iss
ipa
tio
n
from the environment.
Sev
era
l o
rga
nop
hos
pho
ron
s i
nse
cti
cid
es
and
her
bic
ide
s h
ave
bee
n s
how
n
to
deg
rad
e r
api
dly
by
che
mic
al
hyd
rol
ysi
s.
The
pro
ces
s i
s c
ata
lyz
ed
by
ads
orp
tio
n a
t s
oil
col
loi
d s
urf
ace
s a
nd
fol
low
s f
irs
t-o
rde
r k
ine
tic
s
(7,
8,
98,
99,
100
).
In
so
il
sy
st
em
s,
ch
em
ic
al
hy
dr
ol
ys
is
of
ma
la
th
io
n
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was
rapid
and
was
almost
completed
before
the
termination
of
the
lag
phase
necessary
for
promotion
of
the
biological
degradation
mechanism
for
malathion
(100).
Alkaline
conditions
in
the
soil
enhanced
degradation
of
malathion
by
chemical
hydrolysis
(186).
Other
organophosphorous
pesticides
found
to
degrade
chemically
are
diazinon
(99,
16“),
phorate
(61),
dichlorvos
(52):
CiOdPin
(98),
and
imidan
(122).
The
longer—lived
organophosphorous
pesticides,
including
methyl
parathion,
parathion
(62,
63,
165),
dimethoate,
zinophos,
and
dursban
(62)
are
degraded
primarily
by
microbial
mechanisms.
Chemical
hydrolysis
of
the
2—chloro—s-triazine
herbicides
in
soils
and
sediments
has
been
reported
(7,
8,
77,
171).
The
hydrolysis
of
atrazine
to
nonphytotoxic
hydroxyatrazine
is
enhanced
by
atrazine
adsorption
possibly
to
carboxyl
groups
present
on
the
organic
components
of
soils
and
sedi—
ments (7).
Although
certain
pesticides
are
able
to
undergo
rapid
chemical
degrada—
tion,
formation
of
degradation
products
as
persistent,
or
more
so,
as
the
parent
compound
may
occur.
For
instance,
among
the
degradation
products
of
diazinon
is
diethyl
thiophosphoric
acid
which
is
more
stable
in
soils
than
the
parent
compound
(100).
A
gap
still
exists
in
the
understanding
of
the
chemical
mechanisms
of
degradation
of
the
more
persistent
pesticides,
particularly
the
organochlorine
insecticides,
as
well
as
the
fate
and
toxicity
ofthe
resulting
degradation
products.
3.6.5
Microbial
Degradation
Microbial
metabolism
is
considered
to
be
the
major
pathway
of
degrada-
tion
for
many
pesticides
in
soils
and
sediments.
The
efficiency
of
this
pathway
depends
upon
such
environmental
factors
as
temperature,
moisture
content,
organic
matter
content,
aeration,
pH,
and
pesticide
concentration.
Although
intensive
studies
have
been
made
on
the
mechanisms
by
which
microorganisms
degrade
pesticides,
the
processes
are
not
understood
clearly.
In
general,
the
organochlorine
insecticides
are
the
most
resistant
pesticides
to
microbial
attack.
Degradation
products
encountered
frequently
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are compounds which retain insecticidal properties. For example, partial
degradation of DDT results in the formation of TDE (DDD) and DDE. TDE (DDD)
and DDE are stable in soil and aquatic systems, and their metabolic fate
in these environments remains relatively unknown. Several organochlorine
insecticides although relatively persistent may degrade at a potentially
sign
ific
ant
rate
in s
oils
. H
epta
chlo
r (1
28),
lind
ane
(209
), a
nd e
ndri
n (2
3)
have been shown to degrade in soils to compounds of reduced insecticidal
activity. Conversion of heptachlor to the less toxic metabolite l—hydroxy-
chlordene also has been reported (126). The oxygen status of soils and
aquatic systems has pronounced effects on the microbial breakdown of many
orga
noch
lori
ne i
nsec
tici
des.
In s
oils
, DD
T is
rapi
dly
conv
erte
d to
TDE
(DDD
)
unde
r an
aero
bic
cond
itio
ns a
nd v
ery
slow
ly t
o DD
E un
der
aero
bic
cond
itio
ns
(68,
69,
95).
The
add
iti
on
of
suc
h r
ead
ily
ava
ila
ble
ene
rgy
sou
rce
s a
s
alfalfa meal or sucrose promoted the anaerobic disappearance of DDT from
soil
s (2
6, 6
9).
Howe
ver,
in a
erob
ic s
oils
DDT
rema
ined
stab
le d
espi
te t
he
addition of alfalfa meal. These observations suggest that flooding DDT-
contaminated soils may accelerate decontamination. Conditions conducive
to anaerobiosis, like thermal stratification of lakes, may also play an
impo
rtan
t ro
le i
n th
e di
sapp
eara
nce
of D
DT a
ccum
ulat
ed i
n bo
ttom
sedi
ment
s.
In r
aw w
ater
cont
aini
ng s
ome
coll
oida
l ma
teri
al a
nd m
aint
aine
d un
der
aero
bic
conditions, heptachlor and endosulfan were degraded rapidly while lindane,
heptachlor epoxide, dieldrin, DDT, TDE (DDD), BBB and endrin were not
degraded (H7). Endrin, p,p’-DDT, lindane, aldrin, and heptachlor were
degraded in anaerobic digested wastewater sludge to various derivatives
(83)
.
Alt
hou
gh
con
dit
ion
s i
n t
he
slu
dge
are
not
cha
rac
ter
ist
ic
of
mos
t
lakes, the data emphasize the role of oxygen deficiency in the metabolic
fate of many persistent pesticides.
The
conv
ersi
on o
f p,
p'—D
DT t
o p,
p’-D
DD h
as b
een
obse
rved
in f
lood
ed
anaerobic soils (34, 69) and in oxygen-deficient lake water (128). The
time required to convert 50% of the applied DDT to TDE (DDD) was 2n hr
in the lake water and 8 weeks in the flooded soils. However, TDE (DDD)
formed in flooded soils seemed to resist further degradation (3%, 71).
Anaerobic decomposition of DDT to TDE (DDD) has been observed in lake
1+8
 s
e
d
i
m
e
n
t
s
,
b
u
t
t
h
e
d
e
g
r
a
d
a
t
i
o
n
p
r
o
d
u
c
t
T
D
E
(
D
D
D
)
a
p
p
e
a
r
s
t
o
b
e
r
e
l
a
t
i
v
e
l
y
s
t
a
b
l
e
i
n
l
a
k
e
s
e
d
i
m
e
n
t
s
(
1
2
0
,
1
4
0
)
.
T
h
e
r
a
p
i
d
d
e
g
r
a
d
a
t
i
o
n
o
f
l
i
n
d
a
n
e
h
a
s
b
e
e
n
r
e
p
o
r
t
e
d
i
n
f
l
o
o
d
e
d
r
i
c
e
s
o
i
l
s
(
2
0
8
)
,
l
a
k
e
m
u
d
s
(
1
4
%
)
,
a
n
d
i
n
s
i
m
u
l
a
t
e
d
l
a
k
e
i
m
p
o
u
n
d
m
e
n
t
s
(
1
3
7
)
.
I
t
w
a
s
e
s
t
i
m
a
t
e
d
i
n
t
h
e
s
i
m
u
l
a
t
e
d
l
a
k
e
i
m
p
o
u
n
d
m
e
n
t
t
h
a
t
o
n
l
y
1
5
%
o
f
t
h
e
l
i
n
d
a
n
e
w
a
s
d
e
g
r
a
d
e
d
i
n
t
h
e
a
e
r
o
b
i
c
s
y
s
t
e
m
i
n
9
0
d
a
y
s
w
h
i
l
e
d
e
g
r
a
d
a
t
i
o
n
w
a
s
a
l
m
o
s
t
c
o
m
p
l
e
t
e
i
n
t
h
e
a
n
a
e
r
o
b
i
c
s
y
s
t
e
m
i
n
t
h
e
s
a
m
e
t
i
m
e
p
e
r
i
o
d
(
1
3
7
)
.
T
h
e
m
a
j
o
r
i
n
t
e
r
m
e
d
i
a
t
e
p
r
o
d
u
c
t
v
o
l
a
t
i
l
i
z
e
d
r
a
p
i
d
l
y
.
I
n
a
d
d
i
t
i
o
n
,
m
e
t
h
o
x
y
c
h
l
o
r
a
n
d
h
e
p
t
a
c
h
l
o
r
w
e
r
e
a
l
s
o
f
o
u
n
d
t
o
d
e
g
r
a
d
e
i
n
s
u
b
m
e
r
g
e
d
s
o
i
l
s
,
a
n
d
t
h
e
r
a
t
e
o
f
l
o
s
s
w
a
s
a
c
c
e
l
e
r
a
t
e
d
i
n
t
h
e
p
r
e
s
e
n
c
e
o
f
h
i
g
h
o
r
g
a
n
i
c
m
a
t
t
e
r
c
o
n
t
e
n
t
(
3
%
)
.
A
s
s
t
a
t
e
d
e
a
r
l
i
e
r
,
m
a
n
y
o
r
g
a
n
o
p
h
o
s
p
h
o
r
o
u
s
i
n
s
e
c
t
i
c
i
d
e
s
a
r
e
h
y
d
r
o
l
y
z
e
d
r
a
p
i
d
l
y
b
y
n
o
n
m
i
c
r
o
b
i
a
l
m
e
a
n
s
.
H
o
w
e
v
e
r
,
f
o
r
t
h
e
m
o
r
e
p
e
r
s
i
s
t
e
n
t
t
y
p
e
s
,
m
i
c
r
o
b
i
a
l
b
r
e
a
k
d
o
w
n
m
a
y
p
r
e
d
o
m
i
n
a
t
e
.
T
h
u
s
,
c
o
n
d
i
t
i
o
n
s
r
e
t
a
r
d
i
n
g
m
i
c
r
o
b
i
a
l
a
c
t
i
v
i
t
y
m
a
y
r
e
s
u
l
t
i
n
e
n
h
a
n
c
e
d
p
e
r
s
i
s
t
e
n
c
e
o
f
t
h
e
o
r
g
a
n
o
p
h
o
s
p
h
o
r
o
u
s
insecticides.
S
o
i
l
a
n
d
l
a
k
e
s
e
d
i
m
e
n
t
m
i
c
r
o
o
r
g
a
n
i
s
m
s
h
a
v
e
b
e
e
n
i
m
p
l
i
c
a
t
e
d
i
n
t
h
e
d
e
g
r
a
d
a
t
i
o
n
o
f
s
e
v
e
r
a
l
o
r
g
a
n
o
p
h
o
s
p
h
o
r
o
u
s
i
n
s
e
c
t
i
c
i
d
e
s
i
n
c
l
u
d
i
n
g
d
i
a
z
i
n
o
n
(
1
6
2
)
,
p
h
o
r
a
t
e
(
1
1
H
)
,
m
a
l
a
t
h
i
o
n
(
1
1
9
,
1
8
6
)
,
a
n
d
p
a
r
a
t
h
i
o
n
(63,
1
1
1
,
1
6
5
)
.
T
h
e
d
e
g
r
a
d
a
t
i
o
n
o
f
d
i
a
z
i
n
o
n
(
1
6
4
)
a
n
d
p
a
r
a
t
h
i
o
n
(
1
6
5
)
w
a
s
c
o
n
s
i
d
e
r
a
b
l
y
i
n
c
r
e
a
S
e
d
in
f
l
o
o
d
e
d
s
o
i
l
s
.
A
p
p
a
r
e
n
t
l
y
,
t
h
e
p
r
e
s
e
n
c
e
o
f
m
o
l
e
c
u
l
a
r
o
x
y
g
e
n
r
e
t
a
r
d
e
d
m
i
c
r
o
b
i
a
l
d
e
g
r
a
d
a
t
i
o
n
a
l
t
h
o
u
g
h
t
h
i
s
wa
s
n
o
t
o
b
s
e
r
v
e
d
f
o
r
p
a
r
a
t
h
i
o
n
in
lake
sediments
(63).
The
degradation
of
parathion
to
aminoparathion
was
f
o
u
n
d
t
o
b
e
g
r
e
a
t
l
y
a
c
c
e
l
e
r
a
t
e
d
b
y
m
i
c
r
o
b
i
a
l
a
c
t
i
v
i
t
y
,
a
n
d
t
h
e
r
a
t
e
wa
s
similar
under
aerobic
and
anaerobic
conditions.
These
results
imply
that
in
sediments
aerobic
and
anaerobic
organisms
are
able
to
degrade
parathion.
A
d
s
o
r
p
t
i
o
n
o
f
some
organophosphorous
insecticides
may
increase
their
per—
sistence
in
aquatic
systems.
For
example,
dursban
was
shown
to
persist
for
much
longer
periods
of
time
in
aquatic
systems
of
high
colloidal
organic
m
a
t
t
e
r
c
o
n
t
e
n
t
d
ue
t
o
p
e
s
t
i
c
i
d
e
a
d
s
o
r
p
t
i
o
n
(156).
Microbial
degradation
of
organochlorine
and
organophosphorous
insec—
ticides
in
aquatic
environments
was
reviewed
recently
(1u1,
163).
In
a
review
of
the
degradation
of
the
newer
vinyl
phosphate
insecticides,
such
as
phosphamidon,
chlorfenvinphos,
and
mevinphos,
it
has
been
shown
that
#9
%
  
  
t
h
e
h
a
l
f
—
l
i
f
e
o
f
t
h
e
s
e
p
e
s
t
i
c
i
d
e
s
in
s
o
i
l
s
r
a
n
g
e
s
f
r
o
m
1
w
e
e
k
to
7
m
o
n
t
h
s
(
2
0
)
.
C
h
l
o
r
f
e
n
v
i
n
p
h
o
s
a
p
p
e
a
r
e
d
t
o
b
e
t
h
e
m
o
s
t
r
e
s
i
s
t
a
n
t
t
o
b
i
o
l
o
g
i
c
a
l
decomposition.
D
e
s
p
i
t
e
t
h
e
i
n
c
r
e
a
s
i
n
g
u
s
e
o
f
t
h
e
c
a
r
b
a
m
a
t
e
i
n
s
e
c
t
i
c
i
d
e
s
,
i
n
v
e
s
t
i
g
a
—
t
i
o
n
o
f
t
h
e
i
r
d
e
g
r
a
d
a
t
i
o
n
h
a
s
n
o
t
b
e
e
n
as
e
x
t
e
n
s
i
v
e
as
f
o
r
o
t
h
e
r
i
n
s
e
c
t
i
—
c
i
d
a
l
g
r
o
u
p
s
(1
58
).
C
a
r
b
a
r
y
l
,
t
h
e
m
o
s
t
w
i
d
e
l
y
u
S
e
d
c
a
r
b
a
m
a
t
e
,
w
a
s
f
o
u
n
d
t
o
b
e
r
e
a
d
i
l
y
d
e
g
r
a
d
e
d
b
y
m
i
c
r
o
o
r
g
a
n
i
s
m
s
in
s
o
i
l
s
(1
16
)
a
n
d
n
a
t
u
r
a
l
wa
te
rs
(6
).
So
me
me
mb
er
s
of
th
e
gr
ou
p,
su
ch
as
di
me
ti
la
n
an
d
py
ro
la
n,
t
e
n
d
e
d
t
o
be
m
o
r
e
b
i
o
l
o
g
i
c
a
l
l
y
s
t
a
b
l
e
in
n
a
t
u
r
a
l
w
a
t
e
r
s
p
o
s
s
i
b
l
y
d
ue
to
th
ei
r
st
ro
ng
ad
so
rp
ti
on
on
su
sp
en
de
d
cl
ay
mi
ne
ra
ls
(6
).
M
o
s
t
o
f
t
h
e
a
g
r
i
c
u
l
t
u
r
a
l
l
y
-
u
s
e
d
h
e
r
b
i
d
i
d
e
s
a
r
e
d
e
g
r
a
d
e
d
p
r
i
m
a
r
i
l
y
b
y
m
i
c
r
o
o
r
g
a
n
i
s
m
s
.
A
g
r
e
a
t
d
e
a
l
o
f
s
t
u
d
y
h
a
s
b
e
e
n
d
e
v
o
t
e
d
t
o
t
h
e
i
r
d
e
g
r
a
d
a
—
t
i
o
n
a
n
d
e
x
h
a
u
s
t
i
v
e
r
e
v
i
e
w
s
h
a
v
e
b
e
e
n
c
o
m
p
i
l
e
d
(9
2)
.
M
a
n
y
o
f
t
h
e
h
e
r
b
i
c
i
d
e
gr
ou
ps
,
in
cl
ud
in
g
th
e
th
io
ca
rb
am
at
e
(9
3,
17
2)
,
p
h
e
n
yl
c
a
r
b
a
m
a
t
e
(9
1)
,
s
ub
s
t
i
t
ut
e
d
ur
ea
(9
1,
94
),
an
d
th
e
co
mm
on
ly
us
ed
c
h
l
o
r
i
n
a
t
e
d
al
ip
ha
ti
c
a
c
i
d
s
(5
“)
a
n
d
p
h
e
n
o
x
y
a
l
k
a
n
o
i
c
a
c
i
d
s
(1
15
),
a
r
e
m
i
c
r
o
b
i
o
l
o
g
i
c
a
l
l
y
d
e
g
r
a
d
e
d
in
s
o
i
l
s
in
r
e
l
a
t
i
v
e
l
y
s
h
o
r
t
p
e
r
i
o
d
s
.
C
o
m
p
a
r
e
d
to
o
r
g
a
n
o
c
h
l
o
r
i
n
e
i
n
s
e
c
t
i
-
ci
de
s,
p
h
e
n
o
xy
a
l
k
a
n
o
i
c
ac
id
s,
su
ch
as
2,
9,
5-
T
an
d
p
a
r
t
i
c
ul
a
r
l
y
2,
9—
D,
d
e
g
r
a
d
e
r
a
p
i
d
l
y
in
s
o
i
l
s
a
n
d
s
e
d
i
m
e
n
t
-
w
a
t
e
r
s
y
s
t
e
m
s
(5
5,
16
0)
.
A
n
a
e
r
o
b
i
c
co
nd
it
io
ns
t
e
n
d
to
r
e
t
a
r
d
2,
4-
D
me
ta
bo
li
sm
,
in
di
ca
ti
ng
th
e
im
po
rt
an
ce
of
o
x
y
g
e
n
in
t
h
e
m
e
t
a
b
o
l
i
s
m
o
f
t
h
i
s
c
o
m
p
o
u
n
d
in
t
h
e
e
n
v
i
r
o
n
m
e
n
t
(1
04
).
S
e
v
e
r
a
l
o
f
t
h
e
b
e
n
z
o
i
c
a
n
d
p
h
e
n
y
l
a
c
e
t
i
c
a
c
i
d
h
e
r
b
i
c
i
d
e
s
a
r
e
m
o
r
e
p
e
r
s
i
s
t
e
n
t
.
F
o
r
in
st
an
ce
,
di
ca
mb
a,
2,
3,
6-
TB
A,
fe
na
c
an
d
m
e
t
h
o
xy
f
e
n
a
c
ar
e
co
mp
ar
at
iv
el
y
m
o
r
e
r
e
s
i
s
t
a
n
t
t
o
m
i
c
r
o
b
i
a
l
a
t
t
a
c
k
t
h
a
n
c
h
l
o
r
a
m
b
e
n
(1
66
)
w
h
i
c
h
is
d
e
g
r
a
d
a
b
l
e
r
e
a
d
i
l
y
b
y
m
i
c
r
o
b
i
a
l
pr
oc
es
se
s
(1
98
).
P
i
c
l
o
r
a
m
an
d
t
r
i
f
l
ur
a
l
i
n
ar
e
co
n—
si
de
re
d
to
be
pe
rs
is
te
nt
he
rb
ic
id
es
(3
9)
.
In
a
lo
ng
—t
er
m
fi
el
d
ex
pe
ri
me
nt
p
i
c
l
o
r
a
m
re
si
du
es
we
re
de
te
ct
ab
le
9
to
15
mo
nt
hs
af
te
r
a
p
p
l
i
c
a
t
i
o
n
(1
23
).
Pr
op
an
il
,
an
an
il
id
e
he
rb
ic
id
e,
wa
s
fo
un
d
to
be
mi
cr
ob
ia
ll
y-
de
gr
ad
ed
p
r
i
m
a
r
i
l
y
to
ch
lo
ra
ni
li
ne
s
(1
3)
.
Ho
we
ve
r,
th
e
m
e
t
a
b
o
l
i
t
e
s
ar
e
a
d
s
o
r
b
e
d
st
ro
ng
ly
by
so
il
or
ga
ni
c
ma
tt
er
an
d
ma
y
ex
is
t
in
th
e
so
il
fo
r
se
ve
ra
l
ye
ar
s.
So
me
of
th
e
ea
si
ly
de
gr
ad
ab
le
he
rb
ic
id
es
ma
y
pe
rs
is
t
lo
ng
er
in
aq
ua
ti
c
th
an
in
t
e
r
r
e
s
t
r
i
a
l
sy
st
em
s.
Th
e
s
ub
s
t
i
t
ut
e
d
ur
ea
he
rb
ic
id
es
,
mo
nu
ro
n
an
d
ne
bu
ro
n,
pe
rs
is
te
d
in
ex
ce
ss
of
2
ye
ar
s
in
si
mu
la
te
d
po
nd
s
SO
 c
o
n
t
a
i
n
i
n
g
a
m
o
r
p
h
o
u
s
m
a
t
e
r
i
a
l
s
(
5
6
)
w
h
i
l
e
C
I
P
C
-
—
a
c
a
r
b
a
m
a
t
e
h
e
r
b
i
c
i
d
e
—
-
p
e
r
s
i
s
t
e
d
u
n
d
e
r
a
n
a
e
r
o
b
i
c
c
o
n
d
i
t
i
o
n
s
i
n
d
u
c
e
d
i
n
a
n
a
r
t
i
f
i
c
i
a
l
i
m
p
o
u
n
d
m
e
n
t
(161).
T
h
e
s
—
t
r
i
a
z
i
n
e
h
e
r
b
i
c
i
d
e
s
,
a
s
i
n
d
i
c
a
t
e
d
e
a
r
l
i
e
r
,
c
a
n
b
e
e
x
t
e
n
s
i
v
e
l
y
d
e
g
r
a
d
e
d
c
h
e
m
i
c
a
l
l
y
i
n
s
o
i
l
s
o
r
s
e
d
i
m
e
n
t
s
,
b
u
t
t
h
e
y
a
r
e
a
l
s
o
s
u
b
j
e
c
t
t
o
m
i
c
r
o
b
i
o
l
o
g
i
c
a
l
m
e
t
a
b
o
l
i
s
m
(
9
1
)
.
A
t
r
a
z
i
n
e
,
t
h
e
m
o
s
t
w
i
d
e
l
y
u
s
e
d
s
—
t
r
i
a
z
i
n
e
,
i
s
q
u
i
t
e
s
t
a
b
l
e
c
o
m
p
a
r
e
d
w
i
t
h
m
o
s
t
o
f
t
h
e
h
e
r
b
i
c
i
d
e
s
a
n
d
c
a
n
p
e
r
s
i
s
t
i
n
s
o
i
l
f
o
r
m
o
r
e
t
h
a
n
o
n
e
g
r
o
w
i
n
g
s
e
a
s
o
n
(
2
7
,
1
0
4
)
.
R
a
t
e
s
o
f
a
t
r
a
z
i
n
e
d
e
g
r
a
d
a
t
i
o
n
a
r
e
i
n
f
l
u
e
n
c
e
d
g
r
e
a
t
l
y
b
y
t
h
e
s
p
a
t
i
a
l
l
o
c
a
t
i
o
n
o
f
t
h
e
h
e
r
b
i
c
i
d
e
i
n
t
h
e
s
o
i
l
p
r
o
f
i
l
e
.
A
t
r
a
z
i
n
e
p
r
e
s
e
n
t
i
n
t
h
e
p
l
o
w
l
a
y
e
r
p
e
r
s
i
s
t
e
d
f
o
r
5
m
o
n
t
h
s
w
h
i
l
e
a
t
r
a
z
i
n
e
a
t
4
0
-
a
n
d
9
0
-
c
m
(
1
5
.
7
~
a
n
d
3
5
.
n
-
i
n
)
d
e
p
t
h
s
p
e
r
s
i
s
t
e
d
f
o
r
1
7
m
o
n
t
h
s
a
n
d
4
1
m
o
n
t
h
s
,
r
e
s
p
e
c
t
i
v
e
l
y
(
1
0
a
)
,
w
h
i
c
h
s
u
g
g
e
s
t
s
t
h
e
i
m
p
o
r
t
a
n
c
e
o
f
m
a
n
a
g
e
-
m
e
n
t
t
e
c
h
n
i
q
u
e
s
i
n
m
i
n
i
m
i
z
i
n
g
a
t
r
a
z
i
n
e
l
e
a
c
h
i
n
g
.
A
d
s
o
r
p
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
s
b
y
c
l
a
y
m
i
n
e
r
a
l
s
m
a
y
p
r
o
t
e
c
t
t
h
e
m
f
r
o
m
m
i
c
r
o
b
i
a
l
a
t
t
a
c
k
.
T
h
e
d
i
p
y
r
i
d
y
l
h
e
r
b
i
c
i
d
e
s
—
-
p
a
r
a
q
u
a
t
a
n
d
d
i
q
u
a
t
—
—
a
r
e
s
h
o
w
n
t
o
b
e
m
e
t
a
b
o
l
i
z
e
d
b
y
s
o
i
l
m
i
c
r
o
o
r
g
a
n
i
s
m
s
(
5
9
)
,
b
u
t
o
n
c
e
a
d
s
o
r
b
e
d
b
y
c
l
a
y
m
i
n
e
r
a
l
s
t
h
e
y
b
e
c
o
m
e
e
x
t
r
e
m
e
l
y
r
e
s
i
s
t
a
n
t
to
m
i
c
r
o
b
i
a
l
d
e
c
o
m
p
o
s
i
t
i
o
n
(191).
In
aerobic
and
anaerobic
aquatic
systems,
diquat
was
not
degraded
within
6
m
o
n
t
h
s
(
1
7
0
)
.
Figure
u
summarizes
the
persistence
of
ll
major
pesticide
groups
(95).
T
h
e
p
e
r
s
i
s
t
e
n
c
e
v
a
l
u
e
s
r
e
p
r
e
s
e
n
t
a
75
to
1
0
0
%
loss
o
f
t
h
e
p
e
s
t
i
c
i
d
e
.
As
i
n
d
i
c
a
t
e
d
e
l
s
e
w
h
e
r
e
i
n
t
h
i
s
s
e
c
t
i
o
n
,
p
e
r
s
i
s
t
e
n
c
e
o
f
p
e
s
t
i
c
i
d
e
s
i
n
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
s
m
a
y
d
i
f
f
e
r
f
r
o
m
t
h
a
t
in
t
e
r
r
e
s
t
r
i
a
l
s
o
i
l
s
,
b
u
t
m
o
r
e
i
n
ve
s
t
i
—
gations
are
needed
to
make
generalizations.
Furthermore,
to
elucidate
the
m
e
t
a
b
o
l
i
c
p
r
o
d
u
c
t
s
,
s
u
s
t
a
i
n
e
d
a
n
d
c
o
n
t
i
n
u
i
n
g
r
e
s
e
a
r
c
h
is
n
e
e
d
e
d
in
o
r
d
e
r
t
o
b
e
t
t
e
r
u
n
d
e
r
s
t
a
n
d
t
h
e
e
n
v
i
r
o
n
m
e
n
t
a
l
i
m
p
l
i
c
a
t
i
o
n
s
o
f
p
e
s
t
i
c
i
d
e
s
,
p
a
r
-
t
i
c
u
l
a
r
l
y
i
n
t
h
e
a
q
u
a
t
i
c
s
e
g
m
e
n
t
o
f
t
h
e
e
c
o
s
y
s
t
e
m
.
3
.
7
P
r
o
b
a
b
l
e
C
h
a
n
g
e
s
i
n
L
a
n
d
U
s
e
A
c
t
i
v
i
t
i
e
s
w
i
t
h
T
i
m
e
Tables
1
and
2
show
that
a
general
decrease
in
agricultural
land
area
in
the
0.8.
portion
of
the
Great
Lakes
Basin
will
occur
for
the
next
50
years.
However,
the
decline
is
projected
to
be
slight,
at
approximately
5%
for
cultivated
cropland
and
8%
for
pasture
land.
If
predictions
by
crop
51
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Fig. H. Persistence of pesticides in soils. Redrawn
from Kearney et al. (95).
52
ca
t
e
g
o
r
y
a
r
e
c
o
n
s
i
d
e
r
e
d
,
a
r
e
a
f
o
r
r
o
w
a
n
d
s
p
e
c
i
a
l
t
y
c
r
o
p
s
w
i
l
l
i
n
c
r
e
a
s
e
b
y
2
2
a
n
d
5
%
,
r
e
s
p
e
c
t
i
v
e
l
y
,
a
s
a
r
e
s
u
l
t
o
f
p
r
o
j
e
c
t
e
d
i
n
c
r
e
a
s
e
s
i
n
a
r
e
a
s
s
o
w
n
t
o
c
o
r
n
,
s
o
y
b
e
a
n
s
a
n
d
c
o
m
m
e
r
c
i
a
l
v
e
g
e
t
a
b
l
e
s
.
A
s
u
r
b
a
n
i
z
a
t
i
o
n
e
x
p
a
n
d
s
,
t
h
e
r
e
b
y
p
l
a
c
i
n
g
i
n
c
r
e
a
s
e
d
p
r
e
s
s
u
r
e
o
n
c
u
l
t
i
v
a
t
e
d
a
n
d
p
a
s
t
u
r
e
l
a
n
d
s
,
s
o
m
e
o
f
t
h
e
p
r
e
s
e
n
t
i
d
l
e
c
r
o
p
l
a
n
d
w
i
l
l
l
i
k
e
l
y
b
e
b
r
o
u
g
h
t
i
n
t
o
c
u
l
t
i
v
a
t
i
o
n
.
B
y
t
h
e
y
e
a
r
2
0
2
0
i
t
i
s
e
s
t
i
m
a
t
e
d
t
h
a
t
t
h
e
a
r
e
a
o
f
i
d
l
e
c
r
o
p
l
a
n
d
w
i
l
l
d
e
c
r
e
a
s
e
by about 26%.
E
s
t
i
m
a
t
e
d
p
o
p
u
l
a
t
i
o
n
i
n
c
r
e
a
s
e
s
i
n
t
h
e
r
e
g
i
o
n
(
6
5
)
w
i
l
l
e
x
e
r
t
a
m
a
r
k
e
d
i
n
f
l
u
e
n
c
e
o
n
c
r
o
p
p
r
o
d
u
c
t
i
o
n
.
S
i
n
c
e
t
h
e
p
r
o
j
e
c
t
e
d
a
r
e
a
d
e
v
o
t
e
d
t
o
c
r
o
p
p
r
o
d
u
c
t
i
o
n
i
s
s
u
b
s
t
a
n
t
i
a
l
l
y
u
n
c
h
a
n
g
e
d
,
h
i
g
h
e
r
c
r
o
p
p
r
o
d
u
c
t
i
o
n
p
e
r
u
n
i
t
a
r
e
a
w
i
l
l
b
e
n
e
e
d
e
d
t
o
m
e
e
t
t
h
e
f
o
o
d
r
e
q
u
i
r
e
m
e
n
t
s
o
f
a
r
a
p
i
d
l
y
—
e
x
p
a
n
d
i
n
g
p
o
p
u
l
a
—
t
i
o
n
b
y
t
h
e
y
e
a
r
2
0
2
0
.
S
i
m
u
l
t
a
n
e
o
u
s
g
r
o
w
t
h
o
f
t
h
e
l
i
v
e
s
t
o
c
k
i
n
d
u
s
t
r
y
w
i
l
l
p
r
o
b
a
b
l
y
f
o
l
l
o
w
t
h
e
p
o
p
u
l
a
t
i
o
n
t
r
e
n
d
s
,
m
a
k
i
n
g
i
t
n
e
c
e
s
s
a
r
y
a
l
s
o
t
o
i
n
c
r
e
a
s
e
f
e
e
d
p
r
o
d
u
c
t
i
o
n
p
e
r
u
n
i
t
a
r
e
a
.
T
h
e
t
r
e
m
e
n
d
o
u
s
i
n
c
r
e
a
s
e
i
n
t
h
e
p
r
o
j
e
c
t
e
d
c
r
o
p
—
y
i
e
l
d
i
n
c
r
e
a
s
e
p
e
r
u
n
i
t
a
r
e
a
i
s
i
l
l
u
s
t
r
a
t
e
d
i
n
F
i
g
.
5.
T
h
e
f
i
g
u
r
e
s
u
g
g
e
s
t
s
c
l
e
a
r
l
y
t
h
a
t
t
h
e
a
r
e
a
p
r
e
s
e
n
t
l
y
u
n
d
e
r
c
u
l
t
i
v
a
t
i
o
n
w
i
l
l
b
e
c
r
o
p
p
e
d
m
u
c
h
m
o
r
e
i
n
t
e
n
s
i
v
e
l
y
t
o
d
o
u
b
l
e
o
r
e
v
e
n
t
r
i
p
l
e
t
h
e
c
u
r
r
e
n
t
l
e
v
e
l
o
f
p
r
o
—
duction.
I
n
o
r
d
e
r
t
o
s
u
s
t
a
i
n
t
h
e
h
i
g
h
l
e
v
e
l
o
f
c
r
o
p
y
i
e
l
d
s
,
t
h
e
u
s
e
o
f
m
o
r
e
p
e
s
t
i
c
i
d
e
s
i
s
i
n
e
v
i
t
a
b
l
e
.
A
l
t
e
r
n
a
t
i
V
e
m
e
t
h
o
d
s
o
f
c
o
n
t
r
o
l
f
o
r
m
o
s
t
p
e
s
t
s
a
r
e
s
t
i
l
l
n
o
t
a
v
a
i
l
a
b
l
e
.
A
l
t
h
o
u
g
h
r
e
s
e
a
r
c
h
o
n
a
l
t
e
r
n
a
t
i
v
e
m
e
t
h
o
d
s
a
r
e
c
o
n
t
i
n
u
i
n
g
,
d
e
V
e
l
o
p
m
e
n
t
o
f
a
w
i
d
e
l
y
—
a
c
c
e
p
t
e
d
a
n
d
e
c
o
n
o
m
i
c
a
l
l
y
-
f
e
a
s
i
b
l
e
m
e
t
h
o
d
m
a
y
n
o
t
b
e
a
v
a
i
l
a
b
l
e
i
n
t
h
e
n
e
a
r
f
u
t
u
r
e
.
I
n
t
h
e
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
,
p
e
s
t
i
c
i
d
e
u
s
a
g
e
w
i
l
l
i
n
c
r
e
a
s
e
,
p
a
r
t
i
c
u
l
a
r
l
y
i
n
t
h
e
c
a
s
e
o
f
h
e
r
b
i
c
i
d
e
s
,
a
s
i
n
d
i
c
a
t
e
d
p
r
e
v
i
o
u
s
l
y
i
n
S
e
c
t
i
o
n
3
.
1
.
2
.
T
h
e
u
s
e
o
f
o
r
g
a
n
o
c
h
l
o
r
i
n
e
i
n
s
e
c
t
i
-
c
i
d
e
s
is
c
u
r
t
a
i
l
e
d
g
r
e
a
t
l
y
d
ue
t
o
t
h
e
n
u
m
e
r
o
u
s
r
e
g
u
l
a
t
o
r
y
r
e
s
t
r
i
c
t
i
o
n
s
p
l
a
c
e
d
o
n
them.
H
o
we
ve
r
,
t
h
e
i
r
us
e
is
b
e
i
n
g
r
e
p
l
a
c
e
d
b
y
t
h
e
us
e
o
f
o
r
g
a
n
e
-
p
h
o
s
p
h
o
r
o
u
s
a
n
d
c
a
r
b
a
m
a
t
e
p
e
s
t
i
c
i
d
e
s
.
T
h
e
q
u
a
n
t
i
t
i
e
s
o
f
t
h
e
s
e
c
o
m
p
o
u
n
d
s
u
s
e
d
f
o
r
a
g
r
i
c
u
l
t
u
r
a
l
p
u
r
p
o
s
e
s
a
r
e
e
x
p
e
c
t
e
d
to
i
n
c
r
e
a
s
e
,
a
n
d
a
n
e
x
p
a
n
d
e
d
 
r
e
s
e
a
r
c
h
p
r
o
g
r
a
m
o
n
t
h
e
s
t
a
b
i
l
i
t
y
,
d
e
g
r
a
d
a
b
i
l
i
t
y
a
n
d
t
o
x
i
c
o
l
o
g
y
o
f
t
h
e
carbamate
a
n
d
organophosphorous
insecticides
is
required.
Furthermore,
as
new
pesticides
are
introduced,
a
capability
should
be
developed
so
that
the
impact
o
f
these
compounds
on
the
environment
can
be
predicted.
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Fig. 5. Projected yield increasesper unit area of major crops in
the Great Lakes Region, U.S. for 1980, 2000, 2020 using
1967 as the base year. (Assembled from data in Table l.)
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3.
8
P
r
o
j
e
c
t
e
d
S
e
r
i
o
u
s
n
e
s
s
o
f
F
u
t
u
r
e
P
e
s
t
i
c
i
d
e
P
o
l
l
u
t
i
o
n
P
r
o
b
l
e
m
s
3
.
8
.
1
G
e
n
e
r
a
l
L
e
v
e
l
o
f
P
e
s
t
i
c
i
d
e
C
o
n
t
a
m
i
n
a
t
i
o
n
o
f
A
g
r
i
c
u
l
t
u
r
a
l
S
o
i
l
a
n
d
t
h
e
G
r
e
a
t
L
a
k
e
s
I
n
o
r
d
e
r
t
o
a
s
s
e
s
s
t
h
e
s
e
r
i
o
u
s
n
e
s
s
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
,
i
t
i
s
i
m
p
o
r
t
a
n
t
t
o
k
n
o
w
t
h
e
e
x
t
e
n
t
o
f
p
e
s
t
i
c
i
d
e
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
t
h
e
s
o
i
l
a
n
d
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
s
.
H
o
w
e
v
e
r
,
o
n
l
y
g
e
n
e
r
a
l
i
n
d
i
c
a
t
i
o
n
s
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
-
t
i
o
n
c
a
n
b
e
m
a
d
e
b
e
c
a
u
s
e
a
d
e
q
u
a
t
e
a
s
s
e
s
s
m
e
n
t
i
s
u
n
d
o
u
b
t
e
d
l
y
d
i
f
f
i
c
u
l
t
t
o
undertake.
S
t
u
d
i
e
s
d
i
s
c
u
s
s
e
d
i
n
S
e
c
t
i
o
n
3
.
5
.
3
i
n
d
i
c
a
t
e
t
h
a
t
t
h
e
a
b
s
o
l
u
t
e
a
m
o
u
n
t
o
f
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
l
o
s
t
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
t
h
r
o
u
g
h
r
u
n
o
f
f
i
s
u
s
u
a
l
l
y
i
n
t
h
e
u
g
/
l
(
p
p
b
)
r
a
n
g
e
.
P
o
r
t
i
o
n
s
o
f
t
h
e
p
e
s
t
i
c
i
d
e
s
a
p
p
l
i
e
d
a
r
e
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
s
o
i
l
,
a
n
d
t
h
e
l
o
n
g
e
v
i
t
y
o
f
t
h
e
s
e
r
e
s
i
d
u
e
s
i
s
d
e
p
e
n
d
e
n
t
u
p
o
n
t
h
e
r
a
t
e
s
o
f
n
a
t
u
r
a
l
r
e
n
o
v
a
t
i
o
n
m
e
c
h
a
n
i
s
m
s
a
n
d
n
a
t
u
r
e
o
f
t
h
e
c
h
e
m
i
c
a
l
.
A
s
u
m
m
a
r
y
o
f
t
h
e
r
e
s
i
d
u
e
c
o
n
t
e
n
t
o
f
t
h
e
m
o
s
t
c
o
m
m
o
n
l
y
u
s
e
d
o
r
g
a
n
o
c
h
l
o
r
i
n
e
i
n
s
a
c
t
i
c
i
d
e
s
i
n
s
e
v
e
r
a
l
a
g
r
i
c
u
l
t
u
r
a
l
s
o
i
l
s
o
f
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
w
e
r
e
s
u
m
m
a
r
i
z
e
d
b
y
E
d
w
a
r
d
s
(
#
5
)
.
O
n
t
h
e
a
v
e
r
a
g
e
,
m
o
s
t
a
g
r
i
c
u
l
t
u
r
a
l
s
o
i
l
s
c
o
n
-
t
a
i
n
e
d
b
e
t
w
e
e
n
1
t
o
u
m
g
/
k
g
(
1
t
o
4
p
p
m
)
D
D
T
,
i
n
c
l
u
d
i
n
g
a
n
a
l
o
g
s
,
w
i
t
h
t
h
e
e
x
c
e
p
t
i
o
n
o
f
o
r
c
h
a
r
d
s
o
i
l
s
w
h
i
c
h
c
o
n
t
a
i
n
e
d
s
u
b
s
t
a
n
t
i
a
l
l
y
h
i
g
h
e
r
a
m
o
u
n
t
s
,
r
a
n
g
i
n
g
f
r
o
m
1
9
t
o
7
%
m
g
/
k
g
(
1
9
t
o
7
n
p
p
m
)
.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
y
-
B
H
C
,
a
l
d
r
i
n
,
d
i
e
l
d
r
i
n
,
c
h
l
o
r
d
a
n
e
,
a
n
d
h
e
p
t
a
c
h
l
o
r
w
e
r
e
g
e
n
e
r
a
l
l
y
l
e
s
s
t
h
a
n
1
m
g
/
k
g
(
1
p
p
m
)
.
P
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
i
n
c
r
o
p
l
a
n
d
s
o
i
l
s
f
o
r
#
3
s
t
a
t
e
s
,
r
e
p
o
r
t
e
d
b
y
t
h
e
N
a
t
i
o
n
a
l
S
o
i
l
s
M
o
n
i
t
o
r
i
n
g
P
r
o
g
r
a
m
,
a
r
e
s
h
o
w
n
i
n
T
a
b
l
e
1
3
(
1
9
7
)
.
F
r
u
i
t
a
n
d
v
e
g
e
t
a
b
l
e
s
o
i
l
s
c
o
n
t
a
i
n
e
d
,
o
n
t
h
e
a
v
e
r
a
g
e
,
t
h
e
h
i
g
h
e
s
t
l
e
v
e
l
o
f
D
D
T
o
f
1
.
9
2
m
g
/
k
g
(
1
.
9
2
p
p
m
)
,
w
h
i
c
h
i
s
s
i
x
t
i
m
e
s
h
i
g
h
e
r
t
h
a
n
t
h
e
n
a
t
i
o
n
a
l
a
v
e
r
a
g
e
o
f
0
.
3
1
m
g
/
k
g
(
0
.
3
1
p
p
m
)
.
T
h
e
D
D
T
-
m
e
t
a
b
o
l
i
t
e
s
-
—
D
D
E
a
n
d
T
D
B
(
D
D
D
)
—
—
w
e
r
e
a
l
s
o
h
i
g
h
e
s
t
i
n
t
h
e
s
e
s
o
i
l
s
.
T
h
e
s
e
h
i
g
h
l
e
v
e
l
s
a
r
e
c
a
u
s
e
d
b
y
r
e
p
e
a
t
e
d
a
p
p
l
i
c
a
t
i
o
n
o
f
D
D
T
i
n
m
a
n
y
t
y
p
e
s
o
f
o
r
c
h
a
r
d
s
a
n
d
c
o
n
f
i
r
m
s
t
h
e
r
e
s
u
l
t
s
s
u
m
m
a
r
i
z
e
d
e
a
r
l
i
e
r
i
n
t
h
i
s
s
e
c
t
i
o
n
.
O
t
h
e
r
t
h
a
n
o
r
c
h
a
r
d
s
o
i
l
s
,
r
e
s
i
d
u
e
s
f
o
u
n
d
i
n
c
o
t
t
o
n
a
n
d
v
e
g
e
t
a
b
l
e
s
o
i
l
s
w
e
r
e
h
i
g
h
e
s
t
,
w
h
i
l
e
t
h
e
l
o
w
e
s
t
a
m
o
u
n
t
s
w
e
r
e
f
o
u
n
d
i
n
s
o
i
l
s
u
n
d
e
r
c
o
r
n
a
n
d
s
m
a
l
l
g
r
a
i
n
s
.
T
h
e
c
o
r
n
,
v
e
g
e
-
t
a
b
l
e
,
a
n
d
v
e
g
e
t
a
b
l
e
a
n
d
f
r
u
i
t
s
o
i
l
s
h
a
d
t
h
e
h
i
g
h
e
s
t
r
e
s
i
d
u
e
s
o
f
d
i
e
l
d
r
i
n
,
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Bla
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ot
ana
lyn
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not
det
ect
ed
  
 i
.
e
.
,
a
p
p
r
o
x
i
m
a
t
e
l
y
t
w
i
c
e
a
s
h
i
g
h
a
s
t
h
e
n
a
t
i
o
n
a
l
m
e
a
n
o
f
0
.
0
3
m
g
/
k
g
(
0
.
0
3
p
p
m
)
.
T
h
e
s
e
d
a
t
a
r
e
p
r
e
s
e
n
t
t
h
e
r
e
s
i
d
u
e
s
l
e
f
t
i
n
t
h
e
s
o
i
l
w
h
i
c
h
m
a
y
h
a
v
e
b
u
i
l
t
u
p
d
u
e
e
i
t
h
e
r
t
o
r
e
p
e
a
t
e
d
a
p
p
l
i
c
a
t
i
o
n
o
r
h
i
g
h
i
n
t
e
n
s
i
t
y
o
f
a
p
p
l
i
c
a
t
i
o
n
.
T
h
u
s
,
t
h
e
s
o
i
l
s
e
r
v
e
s
a
s
a
n
e
f
f
e
c
t
i
v
e
r
e
s
e
r
v
o
i
r
o
f
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
a
n
d
m
e
t
a
b
o
l
i
t
e
s
w
h
i
c
h
a
r
e
a
v
a
i
l
a
b
l
e
p
o
t
e
n
t
i
a
l
l
y
f
o
r
f
u
r
t
h
e
r
t
r
a
n
s
p
o
r
t
.
A
l
t
h
o
u
g
h
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
l
e
v
e
l
s
i
n
c
r
o
p
l
a
n
d
s
o
i
l
s
o
f
s
o
m
e
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
a
r
e
w
e
l
l
-
d
o
c
u
m
e
n
t
e
d
a
n
d
i
n
v
e
s
t
i
g
a
t
e
d
,
n
o
c
o
m
p
r
e
h
e
n
s
i
v
e
e
f
f
o
r
t
h
a
s
b
e
e
n
m
a
d
e
t
o
m
o
n
i
t
o
r
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
o
n
a
c
o
n
t
i
n
u
i
n
g
b
a
s
i
s
.
R
e
s
i
d
u
e
s
r
e
a
c
h
i
n
g
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
l
o
w
,
r
a
n
g
i
n
g
f
r
o
m
n
g
/
l
(
p
p
t
)
t
o
u
g
/
l
(
p
p
b
)
l
e
v
e
l
s
.
T
h
i
s
i
s
c
l
e
a
r
l
y
d
e
m
o
n
s
t
r
a
t
e
d
b
y
t
h
e
r
e
s
u
l
t
s
o
f
m
o
n
i
t
o
r
i
n
g
s
t
u
d
i
e
s
c
o
n
d
u
c
t
e
d
o
n
l
a
k
e
a
n
d
t
r
i
b
u
t
a
r
y
w
a
t
e
r
s
(
5
8
,
1
0
3
,
1
0
9
,
1
2
7
,
2
0
“
)
.
A
l
t
h
o
u
g
h
t
h
e
a
m
o
u
n
t
s
o
f
p
e
s
t
i
c
i
d
e
r
e
a
c
h
i
n
g
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
l
o
w
-
l
e
v
e
l
r
e
s
i
d
u
e
s
,
c
o
n
t
a
m
i
n
a
t
i
o
n
i
s
c
o
n
t
i
n
u
a
l
a
s
a
r
e
s
u
l
t
o
f
t
h
e
p
e
r
p
e
t
u
a
l
p
r
o
c
e
s
s
o
f
r
u
n
o
f
f
a
n
d
e
r
o
s
i
o
n
o
c
c
u
r
r
i
n
g
f
r
o
m
a
d
j
a
c
e
n
t
t
r
e
a
t
e
d
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
.
F
u
r
t
h
e
r
m
o
r
e
,
t
h
e
i
m
p
a
c
t
o
f
p
e
s
t
i
c
i
d
e
s
o
n
a
q
u
a
t
i
c
o
r
g
a
n
i
s
m
s
i
s
o
f
m
a
j
o
r
c
o
n
c
e
r
n
.
F
i
s
h
,
m
u
s
s
e
l
s
,
s
h
r
i
m
p
,
i
n
v
e
r
t
e
b
r
a
t
e
s
,
p
l
a
n
k
t
o
n
,
a
q
u
a
t
i
c
p
l
a
n
t
s
,
a
n
d
o
t
h
e
r
a
q
u
a
t
i
c
o
r
g
a
n
i
m
s
,
t
h
r
o
u
g
h
t
h
e
p
r
o
c
e
s
s
o
f
b
i
o
m
a
g
n
i
f
i
c
a
t
i
o
n
,
c
o
n
c
e
n
t
r
a
t
e
t
h
e
l
o
w
-
l
e
v
e
l
r
e
s
i
d
u
e
s
i
n
t
h
e
i
r
t
i
s
s
u
e
s
(18,
32,
#5,
103,
127,
1H7,
148,
185,
20H).
Clearly,
the
hazards
of
p
e
s
t
i
c
i
d
e
s
in
t
h
e
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
l
i
e
in
t
h
e
b
i
o
l
o
g
i
c
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
p
r
o
c
e
s
s
at
a
l
l
t
r
o
p
h
i
c
l
e
v
e
l
s
in
t
h
e
f
o
o
d
chain.
E
f
f
e
c
t
s
o
f
f
o
o
d
c
h
a
i
n
c
o
n
t
a
m
i
n
a
t
i
o
n
o
n
f
i
s
h
a
n
d
w
i
l
d
l
i
f
e
h
a
v
e
a
l
r
e
a
d
y
b
e
e
n
w
e
l
l
—
d
o
c
u
m
e
n
t
e
d
a
n
d
r
e
v
i
e
w
e
d
(35,
#5,
103,
130,
207).
P
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
a
c
c
u
m
u
l
a
t
i
o
n
in
t
h
e
f
o
o
d
c
h
a
i
n
m
a
y
a
l
s
o
r
e
s
u
l
t
i
n
h
a
z
a
r
d
o
u
s
e
x
p
o
s
u
r
e
t
o
h
u
m
a
n
s
.
Current
information
reveals
that
among
the
Great
Lakes,
Lake
Michigan
has
the
greatest
pesticide
problem
(105,
148,
1u9).
In
view
o
f
this,
most
o
f
the
m
o
n
i
t
o
r
i
n
g
programs
have
been
directed
at
that
lake.
Recently,
an
e
va
l
ua
t
i
o
n
of
DDT
and
dieldrin
in
Lake
Michigan
was
made
based
on
monitor—
ing
waters,
biological
indicators,
fish
and
sediments
for
these
compounds
(103).
Concentrations
of
DDT
and
dieldrin
in
lake
and
tributary
waters,
as
well
as
in
stream
sediments,
are
presented
in
Tables
14,
15
and
16,
respectively.
The
levels
of
DDT
and
dieldrin
in
the
waters
are
normally
57
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TABLE 14
Lake Michigan Open Water Pesticides--July 1969. (Adapted from The Lake Michigan
Interstate Pesticide Committee of the Lake Michigan Enforcement Conference (103).)
    
Sample Location
No. (1/2 mile off shore) Total DDT Dieldrin BHC Estimated PCB
ng/l
3 Little Suamico River <1 1.1 111 2.5
u Pensaukee River 2.6 2.6 140 6.5
5 0conto River 12.7 1.3 50.3
6 Peshtigo River <1 <1 33.0 2.8
7 Menominee River 1.1 1.5 16.5 2.5
9 Clark Lake Creek 3.5 1.5 13.7 9.0
11 Kangaroo Lake Creek <1 1.7 8.0 Off Scale
14 Ahnapee River 15.3 1.0 23.3 50.8
15 Kewaunee River <1 1.1 8.5
16 East Twin River 8.8 2.2 20.0 19.5
21 Pine Creek 31.2 2.6 7.5 Off Scale
26 Pigeon River <1 <1 11.2 2.5
30 Kinnickinnic River 5.5 2.2 8.0 9.5
31 Menomonee River 12.0 1.1 20.2 15.0
32 Oak Creek 10.8 3.3 22.8 27.2
33 Root Creek 5.9 4.5 110 5.5
an Pike River 2.1 3.1 27.8
35 Barnes Creek 5.0 1.9 9.0
36 Calumet River at
Calumet City u.1 2.1 7.8 55.9
37 Burns Ditch 9.7 2.3 8.3 9.3
38 Trail Creek 3.5 2.1 1.5 6.5
39 Galien River 10.1 3.u u.5 15.0
#0 Drain at Sawyer 1.5 1.9 7.u
42 Paw Paw River 11.1 3.0 39.3 28.3
93 Black River 1.2 1.8 1.8 2.5
48 Muskegon River at mouth
into Muskegon Lake 1'” 1'6 12'3 2's
49 White River 1.9 1.5 18.1 2.0
50 Pentwater River 5.0 2.7 5.8 12.5
52 Manistee River <1 <1 5.9 2.5
53 Betsie River 1.3 1.2 6.2
SH Platte River 2.5 1.” 9.9 5.0
60 Bear River, Petoskey 1.5 1.3 2.1
62 Manistique River 11.1 1.6 6.5
65 Escanaba River <1 <1 16.1 2.0
NOTE: ng/l = ppt; 1 mile = 1.609 km.
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Lake
Michigan
River
Water
Pesticides—duly
1969.
(Adapted
from
The
Lake
Michigan
Interstate
Pesticide
Committee
of
the
Lake
Michigan
Enforcement
Conference
(103).)
 
5
m
m
15
 
3
No.
Location
Totsl
DDT
Dieldrin
3H0
Estimated
PCB
I
Sample
113/1
2
Big
Sualsico
River
<10
<10
N
C
“
NC
3
Little
Suamico
River
<10
NC
.
NC
M
Peneaukee
River
<10
<10
NC
NC
5
Dconto
River
<10
<10
NC
NC
6
Peshtigo
River
<10
<10
73.5
NC
7
Menominee
River
<10
<10
128
NC
8
Mud
Lake
Creek
<10
16.0
NC
9
Clark
Lake
Creek
600*
10
17.8
NC
10
N
Jacksonport
Creek
<10
03.3
NC
11
Kangaroo
Lake
Creek
10.“
<10
52.2
NC
12
Moonlight
Bay
<10
<10
27.2
NC
13
Stony
Creek
<10
<10
35.3
NC
1"
Ahnapee
River
360*
<10
12.2
NC
15
Keweunee
River
<10
<10
13.3
NC
16
East
Twin
Rive).1
<10
<10
50.0
NC
17
West
Twin
River
27.6
<10
1
1
m
10
Manitowoc
River
<10
<10
66.7
NC
19
Silver
Creek
10.8
<10
30.0
NC
20
Calvin
Creek
<10
<10
<10
NC
21
Pine
Creek
570*
<10
<10
NC
22
Point
Creek
<10
<10
<10
NC
23
Fisher
Creek
<10
<10
<10
NC
24
Csnterville
Creek
<10
<10
17“
NC
25
Seven
Mile
Creek
502*
<10
20.8
KC
26
Pigeon
River
<10
<10
<10
NC
27
Sheboygsn
River
260*
<10
5.2
Very
possible
23
Black
River
97.”
<10
13.“
Very
possible
29
Souk
Week
29.8‘
<10
19.5
Possible
30
Milwaukee
River
“2.8.
28.8
It“
Possible
31
Menomonee
River
53.3"
1'.
00
Possible
33
Root
Creek
10.0
<10
60
Possible
3%
Pike
River
09.1.
<10
10.“
Possible
35
Homes
Creek
75.5*
<10
<10
Possible
36
Calumet
River
at
m
m
t
City
50*
<10
140.1.
37
Burns
Ditch
<10
<l0
17.9
IC
38
m
u
.
Creek
93.”
<10
'47
Possible
39
Gslien
River
58.9.
<10
1'6
Possible
“0
Drain
at
Sawyer
13.0
<10
no
01
St.
Joseph
River
<10
<10
23.0
30.0
02
Psw
PewRiver
36.0"
05.2
7.2
“3
Bleak
River
82.2t
<10
<10
00
‘W
Kslsmzoo
River
<10
<10
33.0
'0
‘05
Black
River
<10
<10
<10
<10
06
Pigeon
River
<10
<10
10.0
If:
“7
Grand
River
11.“.
<10
<10
Possible
03
Huskegon
River
at
month
into
Muskegon
L.
<10
<10
<10
'c
#9
"hits
River
<10
<10
<10
Ic
50
Pentater
River
<10
<10
<10
<10
51
Pore
Marquette
River
<10
<10
20
so
52
Hsnietee
River
20.“
<10
<10
Possible
53
Betsie
River
<10
<10
<10
NC
5"
Platte
River
<10
<10
<10
I0
56
t-selsnan
Lake
<10
<10
<10
ac
57
Boardmn
River
<10
<10
Inter
NC
59
Lake
Charlevois
Outlet
600*
<10
<10
so
00
Bear
River.
Petoskey
<10
<10
NC
NC
61
Millecoquins
Creek
<10
<10
“0
DC
52
Henletique
River
<10
<10
<10
'0
53
Sturgeon
River
<10
<10
<10
00
0‘5
Whitefish
River
975*
<10
IC
'0
05
Esesube
River
<10
<10
<10
KC
06
Ford
River
<10
<10
<10
sc
*Retsntion time not exact
“Not calculated
Ion: na/l - pp:
   
TABLE 16
Pe
st
ic
id
es
in
St
re
am
Se
di
me
nt
s-
Ju
1y
19
69
.
(A
da
pt
ed
fr
om
Th
e
La
ke
Mi
eh
lg
an
In
te
rs
ta
te
Pe
st
ic
id
e
Co
mm
it
te
e
of
th
e
La
ke
Mi
ch
ig
an
En
fo
rc
em
en
t
Co
nf
er
en
ce
,
19
72
(1
03
).
)
 
 
 
 
 
 
Sample
No
.
Lo
ca
ti
on
To
ta
l
DD
T
Di
el
dr
in
Es
ti
ma
te
d
PC
B
us/g‘
1
Ea
st
Ri
ve
r
1.
07
0.
00
1
0.
50
2
Bi
g
Su
am
ic
o
Ri
ve
r
0.
00
1
0.
00
1
0.
01
3
Li
tt
le
Su
am
ic
o
Ri
ve
r
0.
00
6
0.
00
1
0.
02
0
Pe
ns
au
ke
e
Ri
ve
r
0.
02
3
0.
00
1
0.
05
5
0c
on
to
Ri
ve
r
0.
00
2
0.
00
1
0.
01
6
Pe
sh
ti
go
Ri
ve
r
0.
00
2
0.
00
1
0.
01
7
Me
no
mi
ne
e
Ri
ve
r
0.
00
1
0.
00
1
0.
01
8
Mu
d
La
ke
Cr
ee
k
0.
00
1
0.
00
1
0.
01
9
Cl
ar
k
La
ke
Cr
ee
k
0.
01
1
0.
02
8
10
N
Ja
ck
so
np
or
t
Cr
ee
k
0.
00
3
0.
00
1
0.
01
11
Ka
ng
ar
oo
La
ke
Cr
ee
k
0.
01
5
0.
00
1
0.
01
13
St
on
y
Cr
ee
k
0.
01
9
0.
00
1
0.
08
1“
Ah
na
pe
e
Ri
ve
r
0.
10
2
0.
00
1
1.
10
15
Ke
wa
un
ee
Ri
ve
r
0.
03
3
0.
00
1
0.
03
5
16
Ea
st
Tw
in
Ri
ve
r
0.
07
9
0.
00
1
0.
21
17
We
st
Tw
in
Ri
ve
r
0.
03
5
0.
00
1
0.
05
2
18
Me
ni
to
wo
c
Ri
ve
r
0.
03
7
0.
00
1
0.
12
19
Si
lv
er
Cr
ee
k
0.
01
6
0.
01
20
Ca
lv
in
Cr
ee
k
0.
08
2
0.
00
1
0.
01
21
Pi
ne
Cr
ee
k
0.
00
8
0.
03
3
22
Po
in
t
Cr
ee
k
0.
02
6
0.
00
1
0.
01
5
23
Fi
sh
er
Cr
ee
k
0.
00
2
0.
00
1
0.
02
1
25
Se
ve
n
Mi
le
Cr
ee
k
0.
06
7
0.
00
1
26
Pi
ge
on
Ri
ve
r
0.
05
3
0.
08
5
27
Sh
eb
oy
ge
n
Ri
ve
r
0.
17
3
0.
00
1
7.
2
20
Bl
ac
k
Ri
ve
r
0.
01
1
0.
05
2
29
Sa
uk
Cr
ee
k
0.
06
7
0.
00
1
0.
06
5
30
Mi
lw
au
ke
e
Ri
ve
r
0.
00
2
0.
00
0
3.
2
31
Me
no
mo
ne
e
Ri
ve
r
0.
11
»
0.
00
0
“.
0
33
Ro
ot
Cr
ee
k
0.
05
9
0.
00
0
0.
07
5
3“
Pi
ke
Ri
ve
r
0.
13
7
0.
00
2
0.
20
35
Ba
rn
es
Cr
ee
k
0.
01
0
0.
01
3
36 Calumet River at
Ca
lu
me
t
Ci
ty
0.
06
3
0.
00
0
1.
25
37
Eu
rn
a
Di
tc
h
0.
01
7
0.
00
1
0.
02
1
30
Tr
ai
l
Cr
ee
k
0.
10
3
0.
00
2
3}
Ga
ll
on
Ri
va
t
0.
02
0
0.
00
2
0.
00
0
“0
Dr
ai
n
at
Sa
wy
er
0.
00
9
0.
03
7
01
St
.
Jo
se
ph
Ri
ve
r
0.
02
9
0.
00
1
0.
03
2
02
Pa
w
Pa
wR
iv
er
0.
03
5
O.
00
1
0.
00
03
Bl
ac
k
Ri
ve
r
0.
00
“
0.
00
5
0.
11
00
Ka
la
ma
zo
o
Ri
ve
r
0.
05
3
0.
00
1
0.
00
3
06
Pi
ge
on
Ri
ve
r
0.
03
0.
00
1
0.
01
0
07
Gr
an
d
Ri
ve
r
0.
06
1
0.
00
2
0.
17
08
Ku
ek
eg
on
Ri
ve
r
at
mo
ut
h
in
to
Mu
sk
eg
on
La
ke
0.
00
6
0.
00
1
0.
01
“9
“b
it
e
Ri
ve
r
0.
00
8
0.
00
3
0.
02
50
Pe
nt
wa
te
r
Ri
ve
r
0.
00
1
0.
00
1
0.
01
51
Pa
re
Ma
rq
ue
tt
e
Ri
ve
r
0.
00
7
0.
00
1
0.
01
52
Ma
ni
st
ee
Ri
ve
r
0.
00
1
0.
00
1
0.
01
53
Be
ts
ie
Ri
ve
r
0.
01
2
0.
00
1
0.
01
5“
Pl
at
te
Ri
ve
r
0.
01
1
0
00
1
0.
01
56
Le
el
an
an
La
ke
0.
00
5
0.
00
1
0.
01
57
Bo
ar
dm
an
Ri
ve
r
0.
00
8
0.
00
1
0.
01
59
La
ke
Ch
ar
le
vo
ix
0.
00
8
0.
00
1
0.
01
60
Be
ar
Ri
ve
r,
Pe
to
ek
ey
0.
00
5
0.
00
1
0.
01
61
M1
11
ec
oq
ui
ns
Cr
ee
k
0.
00
2
0.
00
1
0.
01
02
Ma
ni
et
iq
ue
Ri
ve
r
0.
11
0
0.
00
1
0.
80
63
St
ur
ge
on
Ri
ve
r
0.
00
3
0.
00
1
0.
01
60
Wh
it
ef
is
h
Ri
ve
r
0.
00
7
0.
00
65
te
ca
na
ba
Ri
ve
r
0.
06
9
0.
00
1
1.
00
66
Fo
rd
Ri
ve
r
0.
00
7
0.
00
1
0.
03
ﬁﬂet basin
NOTE: 03/3 3 ppm
 
 low,
most
samples
containing
less
than
10
ng/l
(10
ppt).
However,
the
stream
sediments
contained
several
hundred
times
more
DDT
and
dieldrin
than
the
associated
tributary
waters.
Nonetheless,
pesticide
monitoring
in
lake
sediments
is
often
neglected
although
Sediments
serve
as
the
most
important
repository
of
pesticides
in
aquatic
ecosystems
(105).
Eroded
soil
particles
containing
adsorbed
pesticides
eventually
settle
on
lake
bottoms
and
become
part
of
the
sediment.
In
addition,
pesticides
in
water
or
in
aquatic
organisms
may
return
to
the
sediment
through
sorption
and
decomposition.
These
situations
underscore
the
importance
of
including
stream
and
near—
shore
sediment
sampling
in
any
monitoring
program
of
pesticides.
The
pesticide
pollution
of
Lake
Michigan,
as
indicated
by
high
accumulations
of
DDT
and
dieldrin
in
sediment,
fish,
and
biological
samples,
suggests
higher
usage
of
pesticides
in
the
watershed
of
this
lake
than
of
the
other
lakes.
One
of
the
suspected
sources
is
from
treated
agricultural
watersheds;
however,
definitive
studies
of
the
contribution
of
farming
activities
on
the
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
a
r
e
y
e
t
t
o
b
e
u
n
d
e
r
t
a
k
e
n
.
3.8.2
Projections
and
Assumptions
The
pesticide
contamination
of
Lake
Michigan
has
already
been
well-
established.
Pesticide
input
to
the
Great
Lakes
will
continue
as
long
as
pesticides
are
used
in
the
watersheds.
As
indicated
in
Section
3.7,
pesti—
cide
use
is
predicted
to
increase
due
to
projected
increased
crop
and
live-
stock
production
per
unit
area
and
the
absence
of
suitable
alternatives
to
replace
chemical
pest
control.
Even
withcurtailment
in
the
use
of
DDT
and
other
organochlorine
insecticides,
residues
of
these
chemicals
still
present
a
continuing
hazard
to
the
aquatic
environment
due
to
their
long persistence
in
soils.
Evidence
indicates
that
there
is
already
a
"pool"
of
DDT
in
soils,
especially
in
heavily
treated
areas
such
as
orchards.
It
is
estimated
that,
if
the
use
of
DDT
was
to
cease
in
the
mid-1970's,
detectable
levels
will
still
be
found
in
the
troposphere
and
the
oceanic
mixed
layer
in
the
year
2000
(207).
Build—up
of residues
from
herbicides
may
result
due
to
increasing
use
and
repeated
applications.
Commonly
used
herbicides
like
the
s-triazines
are
known
to
persist
in
soils
for
a year
or
more.
The'less
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as agricultural land. In terms of pesticide pollution, specific federal
and state laws and regulations have been enacted to control the registra—
tion, distribution, use and application of pesticides.
The Federal Environmental Pesticide Control Act (FEPCA) was enacted
on October 21, 1972, amending the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) of 1947. Among the major provisions are included:
registration, classification, applicator certification, intensified research
and monitoring programs, development of disposal policies, and strengthening
of enforcement policies. Most of the provisions ofthe act became effective
immediately, while others have deadlines for later enforcement pending the
establishment of regulations and development of federal standards to guide
states in implementing the legislation. All provisions must be implemented
by October 1976. Among the provisions to take effect by 1976 are:
l. classification of pesticides into general and restricted use, and 2.
development, by states, of certification and licensing programs for appli'
cators of restricted pesticides and subsequent approval of such programs
by the U.S. Environmental Protection Agency (U.S. EPA). The act emphasizes
the immediate need to develop biologically-integrated alternatives for
pest control.
By authority of the FIFRA, the U.S. EPA Administrator after extensive
hearings cancelled the nation-wide sale and use of DDT in June 1972except
for health reasons; the order became effective December 31, 1972. Usa of
other hazardous pesticides, such as 2,u,5—T, aldrin and dieldrin, have been
cancelled temporarily, pending the results of public hearings.
The Great Lakes States have currentlaws or regulations which either
conform with or are more stringent than the federal act. Given below are
the laws and regulations by state. Most of the information given is based
on that compiled by the Great Lakes Water Quality Board (67) and U.S. EPA
(48).
3.9.1 Illinois
The Pesticide Control Law (Ch. 5, Ill. Ann. Stat. 1969) was passed
64
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same year, the Pesticide Applications Law (Sec. 12.353, Mich. Ann. Stat.
1967) was passed making it unlawful to apply pesticides commercially unless
licensed by the Michigan Department of Agriculture.
An Economic Poisons Advisory Committee was formed in 1970. Under the
interagency Agreement for Economic Poisons Label Review, each state agency
makes periodic reviews of all labels of economic poisons proposad for
registration.
In March 1972, a restricted—use pesticides regulation was promulgated
for the identification of restricted—use pesticides. The restricted pesti-
cides are to be sold only bylicensed dealers to licensed applicators or
representatives of governmental agencies. The Michigan Department of
Agriculture assumes the regulatory responsibilityfor proper pesticide usage.
3.9.u Minnesota
In 1969, the Economic Poisons and Devices Law (Sec. 24.069, Minn. Stat.
1969) was promulgated, creating the Pesticide Advisory Board which developed
regulations on restricted-use pesticides issued by the Minnesota Department
of Agriculture in mid-1970. These regulations restricted the sale, use and
distribution of DDT and several other compounds. The agency responsible
for registration and labeling is the Department of Agriculture while the
Departments of Agriculture and Natural Resources assume the regulatory
functions. Licensing of commercial applicators and dealers of restricted-
use pesticides by the Department of Agriculture is provided in the Spraying
and Dusting
Law
(Sec.
18.031,
Minn.
Stat.
1969).
3.9.5 New York
Enactment of the Economic Poisons Law in 1973 (Sec. 33-0101, N.Y.
Environ. Con. Law, 1973) required that all pesticides used in the state be
registered with the New York Department of Environmental Conservation. The
department also has restricted the use of certain pesticides and prohibited
the use of others. The Custom Application of Pesticides Act of 1973
66
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e
s
u
n
l
e
s
s
r
e
g
i
s
t
e
r
e
da
n
d
l
i
c
e
n
s
e
d
b
y
t
h
e
D
e
p
a
r
t
m
e
n
t
o
f
E
n
v
i
r
o
n
m
e
n
t
a
l
C
o
n
s
e
r
v
a
t
i
o
n
.
3
.
9
.
6
O
h
i
o
R
e
g
u
l
a
t
o
r
y
c
o
n
t
r
o
l
o
f
p
e
s
t
i
c
i
d
e
u
s
a
g
e
a
n
d
a
p
p
l
i
c
a
t
i
o
n
p
r
o
c
e
d
u
r
e
s
i
s
m
a
i
n
t
a
i
n
e
d
b
y
t
h
e
O
h
i
o
D
e
p
a
r
t
m
e
n
t
o
f
A
g
r
i
c
u
l
t
u
r
e
.
P
e
s
t
i
c
i
d
e
s
m
u
s
t
b
e
r
e
g
i
s
t
e
r
e
d
w
i
t
h
t
h
e
d
e
p
a
r
t
m
e
n
t
a
s
p
r
o
v
i
d
e
d
b
y
t
h
e
s
t
a
t
e
'
s
E
c
o
n
o
m
i
c
P
o
i
s
o
n
A
c
t
(
S
e
c
.
9
2
1
.
1
1
,
O
h
i
o
R
e
v
.
C
o
d
e
,
1
9
5
4
)
a
n
d
H
e
r
b
i
c
i
d
e
L
a
w
(
S
e
c
.
9
2
1
.
0
6
,
O
h
i
o
R
e
v
.
C
o
d
e
S
u
p
p
.
1
9
5
U
)
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
O
h
i
o
P
e
s
t
i
c
i
d
e
U
s
e
a
n
d
A
p
p
l
i
c
a
t
o
r
L
a
w
(
S
e
c
.
9
2
1
.
4
1
,
O
h
i
o
R
e
v
.
C
o
d
e
S
u
p
p
.
1
9
7
1
)
r
e
q
u
i
r
e
s
t
h
e
l
i
c
e
n
s
i
n
g
o
f
p
e
s
t
i
c
i
d
e
a
p
p
l
i
c
a
t
o
r
f
i
r
m
s
a
s
w
e
l
l
a
s
c
e
r
t
i
f
i
c
a
t
i
o
n
o
f
p
e
s
t
i
~
c
i
d
e
e
q
u
i
p
m
e
n
t
o
p
e
r
a
t
o
r
s
b
y
t
h
e
D
e
p
a
r
t
m
e
n
t
o
f
A
g
r
i
c
u
l
t
u
r
e
.
3
.
9
.
7
P
e
n
n
s
y
l
v
a
n
i
a
R
e
g
i
s
t
r
a
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
s
u
s
e
d
i
n
t
h
e
s
t
a
t
e
i
s
e
m
b
o
d
i
e
d
i
n
t
h
e
P
e
s
t
i
c
i
d
e
A
c
t
o
f
1
9
5
7
.
3
.
9
.
8
W
i
s
c
o
n
s
i
n
T
h
e
b
a
s
i
c
W
i
s
c
o
n
s
i
n
p
e
s
t
i
c
i
d
e
u
s
e
a
n
d
c
o
n
t
r
o
l
l
e
g
i
s
l
a
t
i
o
n
w
a
s
e
m
b
o
d
i
e
d
i
n
C
h
a
p
t
e
r
9
4
o
f
t
h
e
S
t
a
t
u
t
e
s
.
B
y
a
u
t
h
o
r
i
t
y
o
f
t
h
i
s
l
a
w
t
h
e
W
i
s
c
o
n
s
i
n
D
e
p
a
r
t
m
e
n
t
o
f
A
g
r
i
c
u
l
t
u
r
e
h
a
s
p
r
o
m
u
l
g
a
t
e
d
r
u
l
e
s
u
n
d
e
r
C
h
a
p
t
e
r
A
g
2
9
o
f
t
h
e
A
d
m
i
n
i
s
t
r
a
t
i
v
e
C
o
d
e
t
o
r
e
g
u
l
a
t
e
r
e
g
i
s
t
r
a
t
i
o
n
a
n
d
l
a
b
e
l
i
n
g
o
f
p
e
s
t
i
c
i
d
e
s
.
T
h
e
W
i
s
c
o
n
s
i
n
S
t
a
t
u
t
e
s
o
f
1
9
6
9
c
o
n
t
a
i
n
e
d
t
w
o
l
a
w
s
o
n
p
e
s
t
i
c
i
d
e
s
i
n
C
h
a
p
t
e
r
s
1
4
6
a
n
d
4
2
6
.
C
h
a
p
t
e
r
#
2
6
p
r
o
h
i
b
i
t
s
t
h
e
s
a
l
e
,
u
s
e
a
n
d
t
r
a
n
s
p
o
r
t
a
-
t
i
o
n
o
f
D
D
T
e
x
c
e
p
t
u
n
d
e
r
e
m
e
r
g
e
n
c
y
c
o
n
d
i
t
i
o
n
s
,
m
a
k
i
n
g
W
i
s
c
o
n
s
i
n
t
h
e
f
i
r
s
t
s
t
a
t
e
t
o
b
a
n
D
D
T
b
y
s
t
a
t
u
t
e
.
C
h
a
p
t
e
r
l
u
6
c
r
e
a
t
e
d
t
h
e
P
e
s
t
i
c
i
d
e
R
e
v
i
e
w
B
o
a
r
d
,
b
r
i
n
g
i
n
g
t
h
r
e
e
s
t
a
t
e
d
e
p
a
r
t
m
e
n
t
s
-
-
A
g
r
i
c
u
l
t
u
r
e
,
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
,
a
n
d
H
e
a
l
t
h
a
n
d
S
o
c
i
a
l
S
e
r
v
i
c
e
s
-
-
i
n
c
l
o
s
e
c
o
o
r
d
i
n
a
t
i
o
n
i
n
d
e
v
e
l
o
p
i
n
g
r
e
g
u
l
a
t
o
r
y
p
r
o
g
r
a
m
s
c
o
n
c
e
r
n
i
n
g
p
e
s
t
i
c
i
d
e
u
s
e
r
e
s
t
r
i
c
t
i
o
n
s
u
n
d
e
r
t
h
e
a
d
v
i
s
e
m
e
n
t
o
f
a
T
e
c
h
n
i
c
a
l
A
d
v
i
s
o
r
y
C
o
u
n
c
i
l
.
T
h
e
A
d
m
i
n
i
s
t
r
a
t
i
v
e
C
o
d
e
C
h
a
p
t
e
r
s
A
g
2
9
a
n
d
N
R
8
0
w
e
r
e
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p
r
o
d
u
c
t
s
o
f
s
u
c
h
i
n
t
e
r
a
g
e
n
c
y
c
o
o
p
e
r
a
t
i
o
n
.
A
g
2
9
l
i
s
t
s
c
e
r
t
a
i
n
p
r
o
h
i
b
i
t
e
d
-
u
s
e
p
e
s
t
i
c
i
d
e
s
a
n
d
s
i
x
r
e
s
t
r
i
c
t
e
d
-
u
s
e
p
e
s
t
i
c
i
d
e
s
f
o
r
a
g
r
i
c
u
l
t
u
r
a
l
a
n
d
o
t
h
e
r
p
u
r
p
o
s
e
s
.
N
R
B
O
,
p
r
o
m
u
l
g
a
t
e
d
b
y
t
h
e
D
e
p
a
r
t
m
e
n
t
o
f
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
,
l
i
s
t
s
r
e
s
t
r
i
c
t
e
d
-
u
s
e
p
e
s
t
i
c
i
d
e
s
t
h
a
t
m
a
y
b
e
u
s
e
d
b
y
p
e
r
m
i
t
o
n
l
y
f
o
r
w
i
l
d
a
n
i
m
a
l
s
.
E
n
f
o
r
c
e
m
e
n
t
o
f
s
t
a
t
u
t
e
s
a
n
d
r
u
l
e
s
i
s
p
e
r
f
o
r
m
e
d
c
o
o
p
e
r
a
t
i
v
e
l
y
b
e
t
w
e
e
n
t
h
e
D
e
p
a
r
t
m
e
n
t
s
o
f
A
g
r
i
c
u
l
t
u
r
e
a
n
d
N
a
t
u
r
a
l
R
e
s
o
u
r
c
e
s
a
l
t
h
o
u
g
h
t
h
e
l
a
t
t
e
r
h
a
s
general jurisdiction.
3.9.9 Great Lakes Basin
T
h
e
G
r
e
a
t
L
a
k
e
s
S
t
a
t
e
s
a
p
p
e
a
r
t
o
h
a
V
e
a
d
e
q
u
a
t
e
e
x
i
s
t
i
n
g
l
a
w
s
a
n
d
r
e
g
u
-
l
a
t
i
o
n
s
t
o
m
e
e
t
t
h
e
s
t
a
n
d
a
r
d
s
o
f
t
h
e
F
e
d
e
r
a
l
A
c
t
c
o
n
c
e
r
n
i
n
g
t
h
e
s
a
l
e
,
r
e
g
i
s
t
r
a
t
i
o
n
,
d
i
s
t
r
i
b
u
t
i
o
n
,
u
s
e
,
a
n
d
a
p
p
l
i
c
a
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
s
.
E
x
c
e
p
t
f
o
r
W
i
s
c
o
n
s
i
n
a
n
d
P
e
n
n
s
y
l
v
a
n
i
a
,
m
o
s
t
o
f
t
h
e
s
t
a
t
e
s
a
l
r
e
a
d
y
h
a
v
e
p
a
s
s
e
d
t
h
e
n
e
c
e
s
-
s
a
r
y
e
n
a
b
l
i
n
g
l
e
g
i
s
l
a
t
i
o
n
r
e
q
u
i
r
i
n
g
t
h
e
l
i
c
e
n
s
i
n
g
o
f
c
o
m
m
e
r
c
i
a
l
a
p
p
l
i
c
a
t
o
r
s
o
f
r
e
s
t
r
i
c
t
e
d
-
u
s
e
p
e
s
t
i
c
i
d
e
s
.
A
p
r
o
p
o
s
e
d
b
i
l
l
o
f
t
h
i
s
n
a
t
u
r
e
i
s
p
e
n
d
i
n
g
in
th
e
Wi
sc
on
si
n
Le
gi
sl
at
ur
e.
T
h
e
p
r
i
m
a
r
y
l
i
m
i
t
a
t
i
o
n
i
n
t
h
e
s
u
c
c
e
s
s
o
f
p
e
s
t
i
c
i
d
e
r
e
g
u
l
a
t
i
o
n
s
i
s
i
n
t
h
e
m
o
n
i
t
o
r
i
n
g
a
n
d
e
n
f
o
r
c
e
m
e
n
t
a
r
e
a
s
.
P
r
o
g
r
e
s
s
i
n
a
n
y
m
o
n
i
t
o
r
i
n
g
a
n
d
e
n
f
o
r
c
e
-
m
e
n
t
p
r
o
g
r
a
m
i
s
c
u
r
t
a
i
l
e
d
s
e
v
e
r
e
l
y
b
y
l
a
c
k
o
f
f
u
n
d
s
a
n
d
p
e
r
s
o
n
n
e
l
.
I
n
a
d
d
i
t
i
o
n
,
r
a
p
p
o
r
t
b
e
t
w
e
e
n
a
g
e
n
c
i
e
s
r
e
s
p
o
n
s
i
b
l
e
f
o
r
e
n
f
o
r
c
e
m
e
n
t
p
r
o
g
r
a
m
s
i
s
n
o
t
a
l
w
a
y
s
p
o
s
s
i
b
l
e
;
t
h
u
s
,
o
n
e
s
i
n
g
l
e
a
g
e
n
c
y
s
h
o
u
l
d
b
e
g
i
v
e
n
s
o
l
e
a
u
t
h
o
r
i
t
y
fo
r
im
pl
em
en
ti
ng
al
l
pe
st
ic
id
e
re
gu
la
ti
on
s.
O
n
e
c
r
i
t
i
c
a
l
w
e
a
k
n
e
s
s
o
f
p
e
s
t
i
c
i
d
e
r
e
g
u
l
a
t
o
r
y
p
r
o
g
r
a
m
s
h
a
s
b
e
e
n
t
h
e
i
n
a
b
i
l
i
t
y
t
o
e
s
t
i
m
a
t
e
q
u
a
n
t
i
t
i
e
s
o
f
p
e
s
t
i
c
i
d
e
s
u
s
e
d
a
n
d
l
o
c
a
t
i
o
n
o
f
t
h
e
i
r
u
s
e
.
I
n
o
r
d
e
r
t
o
h
a
v
e
a
s
o
u
n
d
p
e
s
t
i
c
i
d
e
m
a
n
a
g
e
m
e
n
t
a
n
d
c
o
n
t
r
o
l
p
r
o
g
r
a
m
,
t
h
e
s
t
a
t
e
a
g
e
n
c
i
e
s
c
o
n
c
e
r
n
e
d
m
u
s
t
e
s
t
a
b
l
i
s
h
a
s
y
s
t
e
m
o
f
d
o
c
u
m
e
n
t
i
n
g
t
h
e
a
m
o
u
n
t
s
a
n
d
l
e
v
e
l
s
o
f
p
e
s
t
i
c
i
d
e
s
u
S
e
d
a
s
w
e
l
l
a
s
i
n
f
o
r
m
a
t
i
o
n
r
e
l
a
t
i
n
g
t
o
w
h
e
n
a
n
d
w
h
e
r
e
t
h
e
y
w
e
r
e
u
s
e
d
.
F
u
r
t
h
e
r
m
o
r
e
,
s
t
a
t
e
a
g
e
n
c
i
e
s
s
h
o
u
l
d
i
n
i
t
i
a
t
e
a
v
i
g
o
r
o
u
s
e
f
f
o
r
t
t
o
i
n
c
l
u
d
e
s
o
i
l
a
n
d
s
e
d
i
m
e
n
t
i
n
a
n
y
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
undertaken.
S
u
c
c
e
s
s
f
u
l
c
u
r
t
a
i
l
m
e
n
t
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
c
a
n
b
e
a
c
h
i
e
v
e
d
o
n
l
y
i
f
m
a
n
d
a
t
o
r
y
e
r
o
s
i
o
n
-
a
n
d
s
e
d
i
m
e
n
t
—
c
o
n
t
r
o
l
p
r
o
g
r
a
m
s
a
r
e
en
ac
te
d
by
al
l
le
ve
ls
of
st
at
e
go
ve
rn
me
nt
s.
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SUMMARY
OF
RELEVANT
ONGOING
OR
PROPOSED
RESEARCH,
DEMONSTRATION
OR
MONITORING
PROGRAMS
“.
1
O
n
g
o
i
n
g
R
e
s
e
a
r
c
h
There
is
a
wealth
of
ongoing
research
covering
many
aspects
of
pesticides
in
relation
to
water
quality.
Basic
research
is
pursued
vigorously
to
gain
better
insight
into
the
movement,
degradation,
and
metabolic
pathways
of
pesticides
in
soils
as
well
as
the
fate
and
behavior
of
pesticides
in
aquatic
systems.
Analytical
procedures
are
constantly
undergoing
modifications
and
improvements
in
order
to
better
identify
and
quantify
the
pesticide
residues
and
their
metabolites
in
the
environment.
No
attempt
is
made
to
list
all
the
projects
in
progress,
but
a
cross-section
of
the
diverse
research
activities
with
particular
reference
to
the
Great
Lakes
Basin
is
presented
in
Table
18.
The
assessment
and quantification of the
contribution
of agricultural
watersheds
by
runoff
to
the
pesticide
pollution
of
the
Great
Lakes
are
important aspects
of the projects
in progress
(Table 18).
In some projects,
movement of pesticides
from soils
to aquatic
systems
will be
evaluated by
systems analyses in an attempt to develop a mathematical model for pesticide
transport and runoff
from agricultural watersheds.
Monitoring and
surveil-
lance programs will continue
to provide
pesticide
levels
and rates of change
of pesticide
levels
in
tributary and
lake waters.
The USDA is continuing support of projects related to alternative
methods of pest control with the ultimate objective of minimizing residues
in the environment.
Alternative methods being pursued include biological
control, plant resistanCe, and integrated approaches. Additionally, better
pesticide management techniques, such as judicious methods of application and
use
of
safer
pesticides,
are
being
investigated.
4.2 Proposed Projects
Two proposed projects which may have significant impact on Great Lakes
water quality management follow (Table 19). These projects, including the
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Recent and current research on pesticides in
Great Lakes Basin
TABLE 18
th
e
Un
it
ed
St
at
es
wi
th
pa
rt
ic
ul
ar
re
fe
re
nc
e
to
th
e
 
Prom Title
Chemical and sediment movement from
agricultural land into Lake Erie
Evaluation of pesticide sources and
levels tributary to Lakes Michigan
and Superior
Pesticide inputs and levels in Minnesota
waters of the Lake Superior Basin
Pesticide novenant from cropland into
Lake his
Pesticide runoff in the Great Lakes
Basin
Quantification of pollutants in
agricultural runoff
Development of pesticide transport
and runoff model
Attenuation and runoff of pesticides
from agricultural lands to surface Haters
The study and use of soil parameters for
describing pesticide movement through
soils
Pesticide monitoring program — Lake
Michigan and tributaries - Illinois
Great Lakes pesticide monitoring
program, Indiana
ﬂouitorinx of pesticide levels in
the Great Lakes
Pesticide monitoring of aquatic environ-
ment. Michigan portion of the Great
Lakes Basin
Environmental implication of pesticide
usage
herbicide movement from application
sites and effects on non-target species
Pesticide mobility and degradation in
soil-Eater systems
Analytical methods for pesticides in
soil and water
Development of analytical chemical
methods for environmental and water
quality
Economic and social impact of adjust-
ment in use of pesticides
Head control practices to reduce
pollution
Chlorinated pasticidas'in the soil-water
plant systems and their management to
avoid pollution
Pesticide detoxication mechanisma of
licroorganians in soil and water
Ecoloty of pesticides in an aquatic
ecosystem
Distribution of organophosphorue
pesticide residues in natural waters
and sediments
llaek Creek study, Maumee River
leein. Allen County. Indiana
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P.
A.
Gu
nt
he
r
St
at
s
o!
Un
iv
er
si
ty
of
Ca
li
fo
rn
ia
-
Ca
li
fo
rn
ia
Riverside
H.
A.
Sal
man
USD
I
U.S. Dept. of the Interior
Danvnr, Colorado
R.
B.
No
rg
aa
rd
19
71
-7
6
US
DA
-C
83
5
University of California—
Berkeley
H.
A.
Ros
e
19
70
—75
US
DA
-C
83
8
Purdue University
F.
G.
Vie
ts.
Jr.
19
68
-1
3
US
DA
oC
SR
S
USDA-SHCRD
Fort Collins, Colorado
J.
H.
lo
li
ag
US
DA
-c
sn
s
Pennsylvania State
University
R.
c.
Bal
l
lBG
U-G
O
USD
A-C
BIS
Hichisan State University
H.
L.
Ya
te
s
USU
!
u.s. Dept. of the Interior
All
en
Cou
nty
.
Soi
l a
nd
l97
3-7
7
U.S
.BP
A
Hater Conservation District
  
7
1
T
A
B
L
E
1
9
P
r
o
p
o
s
e
d
p
r
o
j
e
c
t
s
w
i
t
h
r
e
f
e
r
e
n
c
e
t
o
G
r
e
a
t
L
a
k
e
s
p
o
l
l
u
t
i
o
n
Program
Title
I
n
v
e
s
t
i
g
a
t
o
r
/
A
f
f
i
l
i
a
t
i
o
n
D
u
r
a
t
i
o
n
S
p
o
n
s
o
r
W
a
t
e
r
s
h
e
d
s
S
t
u
d
y
—
T
a
s
k
C
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
,
L
a
n
d
U
s
e
A
c
t
i
v
i
t
i
e
s
R
e
f
e
r
e
n
c
e
G
r
o
u
p
D
e
v
e
l
o
p
m
e
n
t
a
n
d
I
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
a
S
e
d
i
m
e
n
t
C
o
n
t
r
o
l
O
r
d
i
n
a
n
c
e
:
I
n
s
t
i
t
u
t
i
o
n
a
l
A
r
r
a
n
g
e
m
e
n
t
s
N
e
c
e
s
s
a
r
y
f
o
r
I
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
C
o
n
t
r
o
l
M
e
t
h
o
d
o
l
o
g
y
o
n
U
r
b
a
n
a
n
d
R
u
r
a
l
L
a
n
d
s
S
e
v
e
r
a
l
i
n
s
t
i
t
u
t
i
o
n
s
a
n
d
a
g
e
n
c
i
e
s
1
9
7
u
—
7
e
o
f
t
h
e
s
t
a
t
e
s
o
f
I
n
d
i
a
n
a
,
M
i
c
h
i
g
a
n
,
N
e
w
York,
Ohio
and
Wisconsin
and
o
f
t
h
e
C
a
n
a
d
i
a
n
F
e
d
e
r
a
l
G
o
v
e
r
n
m
e
n
t
and
Ontario
Provincial
Government
T
.
C
.
D
a
n
i
e
l
University
o
f
Wisconsin-Extension
197u—78
International
Joint
Commission
through
U.S.
EPA
a
n
d
t
h
e
G
o
v
e
r
n
m
e
n
t
s
o
f
Canada
and
Ontario
U
.
S
.
E
P
A
    
    
ongoing
research
in
Allen
County,
Indiana,
recognize
the
paramount
importance
of
a
multidisciplinary
and
multiagency
approach
to
achieving
solutions
to
water
pollution
problems
arising
from
non-point
sources.
The
major
objectives
of
the
IJC—Land
Use
Activities
Reference
Group
watersheds
study
are
to:
l.
investigate
the
effects
of
land
drainage
on
the
pollutional
input
to
the
Great
Lakes,
2.
develop
a
predictive
capacity
with
respect
to
the
sources,
forms
and
amounts
of
pollutants
reaching
the
Great
Lakes
Basin,
and
3.
develop
remedial
measures
for
maintaining
and
improving
water
quality
in
the
Great
Lakes.
The
overall
objectives
of
the
project
coordinated
by
the
Wisconsin
Board
of
Soil
and
Water
Conservation
Districts
and
the
University
of
Wisconsin
are
to:
1.
demonstrate
the
effectiveness
of
land
control
measures
in
improving
water
quality,
and
2.
devise
the
necessary
institutional
arrange—
ments
for
the
preparation3
acceptance,
adoption
and
implementation
of
a
sediment
control
ordinance
applicable
to
incorporated
and
unincorporated
areas
on
a
county—wide
basis.
Outputs
from
these
projects,
in
addition
to
answering
the
objectives,
will
aid
the
participating
U.S.
federal
and
state
and
Canadian
federal
and
provincial
governments
to
implement
portions
of
their
water quality laws.
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Section 5
N
A
T
U
R
E
A
N
D
A
V
A
I
L
A
B
I
L
I
T
Y
O
F
T
E
C
H
N
O
L
O
G
Y
T
O
C
O
P
E
W
I
T
H
P
O
L
L
U
T
I
O
N
P
R
O
B
L
E
M
S
‘
T
e
c
h
n
o
l
o
g
i
c
a
l
c
o
m
p
e
t
e
n
c
e
i
s
a
v
a
i
l
a
b
l
e
t
o
m
i
n
i
m
i
z
e
p
e
s
t
i
c
i
d
e
c
o
n
t
a
m
i
n
a
—
t
i
o
n
o
f
s
o
i
l
a
n
d
w
a
t
e
r
,
r
e
d
u
c
e
p
e
s
t
i
c
i
d
e
t
r
a
n
s
p
o
r
t
t
o
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
s
,
a
n
d
i
m
p
r
o
v
e
d
e
t
e
c
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
.
H
o
w
e
v
e
r
,
s
u
c
c
e
s
s
o
f
a
p
a
r
-
t
i
c
u
l
a
r
t
e
c
h
n
o
l
o
g
y
m
a
y
b
e
l
i
m
i
t
e
d
b
y
t
h
e
l
a
c
k
o
f
m
a
n
d
a
t
o
r
y
r
e
g
u
l
a
t
i
o
n
s
t
o
i
m
p
l
e
m
e
n
t
i
t
,
s
u
c
h
a
s
i
s
t
h
e
c
a
s
e
w
i
t
h
e
r
o
s
i
o
n
a
n
d
r
u
n
o
f
f
c
o
n
t
r
o
l
p
r
o
g
r
a
m
s
.
I
t
i
s
i
m
p
o
r
t
a
n
t
t
o
m
i
n
i
m
i
z
e
s
o
i
l
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
s
i
n
c
e
t
h
e
m
a
g
n
i
t
u
d
e
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
o
f
a
q
u
a
t
i
c
e
c
o
s
y
s
t
e
m
s
i
s
r
e
l
a
t
e
d
d
i
r
e
c
t
l
y
t
o
t
h
e
a
m
o
u
n
t
s
p
r
e
s
e
n
t
i
n
s
o
i
l
s
.
T
h
i
s
i
s
b
e
s
t
d
o
n
e
b
y
r
e
d
u
c
i
n
g
d
o
s
a
g
e
t
h
r
o
u
g
h
p
r
o
p
e
r
a
p
p
l
i
c
a
t
i
o
n
m
e
t
h
o
d
s
.
D
r
i
f
t
l
o
s
s
d
o
e
s
n
o
t
o
n
l
y
i
n
c
r
e
a
s
e
t
h
e
a
m
o
u
n
t
o
f
c
o
m
p
o
u
n
d
a
p
p
l
i
e
d
b
u
t
a
l
s
o
c
o
n
t
a
m
i
n
a
t
e
s
n
o
n
t
a
r
g
e
t
a
r
e
a
s
a
d
j
a
c
e
n
t
t
o
a
p
p
l
i
—
c
a
t
i
o
n
s
i
t
e
s
.
A
e
r
i
a
l
s
p
r
a
y
i
n
g
d
u
r
i
n
g
f
a
v
o
r
a
b
l
e
w
e
a
t
h
e
r
c
o
n
d
i
t
i
o
n
s
s
h
o
u
l
d
I
b
e
c
O
m
e
a
r
u
l
e
o
f
t
h
u
m
b
f
o
r
a
p
p
l
i
c
a
t
o
r
s
.
O
t
h
e
r
m
e
a
n
s
o
f
r
e
d
u
c
i
n
g
b
u
i
l
d
-
u
p
i‘
o
f
r
e
s
i
d
u
e
s
i
n
t
h
e
s
o
i
l
i
n
v
o
l
v
e
t
h
e
e
m
p
l
o
y
m
e
n
t
o
f
a
l
t
e
r
n
a
t
i
v
e
m
e
t
h
o
d
s
o
f
‘
p
e
s
t
c
o
n
t
r
o
l
a
n
d
l
e
s
s
p
e
r
s
i
s
t
e
n
t
c
o
m
p
o
u
n
d
s
.
P
r
a
c
t
i
c
a
l
a
l
t
e
r
n
a
t
i
v
e
m
e
t
h
o
d
s
,
h
o
w
e
v
e
r
,
a
r
e
y
e
t
t
o
b
e
d
e
v
e
l
o
p
e
d
.
M
o
s
t
r
e
s
i
d
u
e
s
r
e
m
a
i
n
i
n
t
h
e
p
l
o
w
—
l
a
y
e
r
d
e
p
t
h
e
i
t
h
e
r
a
d
s
o
r
b
e
d
o
r
a
b
s
o
r
b
e
d
b
y
p
a
r
t
i
c
u
l
a
t
e
m
a
t
t
e
r
a
n
d
a
r
e
s
u
s
c
e
p
t
i
b
l
e
t
o
t
r
a
n
s
p
o
r
t
a
t
i
o
n
d
u
r
i
n
g
o
c
c
u
r
r
e
n
c
e
o
f
r
u
n
o
f
f
.
A
c
c
e
l
e
r
a
t
e
d
e
r
o
s
i
o
n
o
f
t
h
e
p
e
s
t
i
c
i
d
e
-
s
o
i
l
c
o
m
p
l
e
x
c
a
n
b
e
m
i
n
i
m
i
z
e
d
b
y
j
u
d
i
c
i
o
u
s
u
s
e
o
f
s
o
i
l
m
a
n
a
g
e
m
e
n
t
a
n
d
c
o
n
s
e
r
v
a
t
i
o
n
p
r
a
c
t
i
c
e
s
.
F
e
d
e
r
a
l
a
n
d
s
t
a
t
e
a
g
e
n
c
i
e
s
a
r
e
i
n
v
o
l
v
e
d
i
n
c
o
n
t
r
o
l
l
i
n
g
e
r
o
s
i
o
n
,
b
u
t
p
r
o
g
r
a
m
s
h
a
v
e
b
e
e
n
c
a
r
r
i
e
d
o
u
t
o
n
a
v
o
l
u
n
t
a
r
y
i
n
c
e
n
t
i
v
e
b
a
s
i
s
.
W
h
i
l
e
s
o
i
l
a
n
d
w
a
t
e
r
l
o
s
s
e
s
c
a
n
b
e
e
s
t
i
m
a
t
e
d
u
s
i
n
g
t
h
e
u
n
i
v
e
r
s
a
l
s
o
i
l
l
o
s
s
e
q
u
a
t
i
o
n
,
m
a
t
h
e
m
a
t
i
c
a
l
m
o
d
e
l
s
f
o
r
 
p
e
s
t
i
c
i
d
e
t
r
a
n
s
p
o
r
t
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
n
e
e
d
d
e
v
e
l
o
p
m
e
n
t
.
S
u
c
h
m
o
d
e
l
s
w
o
u
l
d
e
n
t
a
i
l
u
n
d
e
r
s
t
a
n
d
i
n
g
t
h
e
m
e
c
h
a
n
i
s
m
s
o
f
t
h
e
p
e
s
t
i
c
i
d
e
—
s
o
i
l
—
b
i
o
t
a
-
w
a
t
e
r
i
n
t
e
r
a
c
t
i
o
n
s
i
n
t
h
e
w
a
t
e
r
s
h
e
d
s
.
M
o
n
i
t
o
r
i
n
g
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
i
s
c
o
n
d
u
c
t
e
d
b
y
t
h
e
U
.
S
.
f
e
d
e
r
a
l
a
g
e
n
c
i
e
s
i
n
c
o
o
p
e
r
a
t
i
o
n
w
i
t
h
t
h
e
l
a
k
e
s
t
a
t
e
s
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
a
n
d
C
a
n
a
d
i
a
n
g
o
v
e
r
n
m
e
n
t
c
o
n
d
u
c
t
e
x
t
e
n
s
i
v
e
73
y
.
   
   
wa
te
r
qu
al
it
y
as
se
ss
me
nt
.
Mo
ni
to
ri
ng
ac
ti
vi
ti
es
ce
nt
er
mo
st
ly
on
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t,
bu
t
li
tt
le
or
no
re
se
ar
ch
ac
ti
vi
ty
is
be
in
g
ce
nt
er
ed
on
re
si
du
e
de
te
ct
io
n
in
ag
ri
cu
lt
ur
al
so
il
s
an
d
in
th
e
at
mo
sp
he
re
ov
er
ly
in
g
th
e
Gr
ea
t
La
ke
s.
Ap
pa
re
nt
ly
,
de
ve
lo
pm
en
t
of
a
te
ch
ni
qu
e
to
me
as
ur
e
th
e
am
ou
nt
of
pe
st
ic
id
e
in
th
e
at
mo
sp
he
re
sh
ou
ld
be
on
e
im
po
rt
an
t
as
pe
ct
of
th
e
mo
ni
to
ri
ng
programs being undertaken.
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N
E
E
D
F
O
R
N
E
W
R
E
S
E
A
R
C
H
,
D
E
M
O
N
S
T
R
A
T
I
O
N
O
R
M
O
N
I
T
O
R
I
N
G
'
R
C
G
R
A
M
S
P
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
i
s
w
e
l
l
~
e
s
t
a
b
l
i
s
h
e
d
.
R
u
n
o
f
f
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
s
in
t
h
e
w
a
t
e
r
s
h
e
d
s
h
a
s
b
e
e
n
i
m
p
l
i
c
a
t
e
d
a
s
a
m
a
j
o
r
s
o
u
r
c
e
o
f
r
e
s
i
d
u
e
s
a
n
d
/
o
r
m
e
t
a
b
o
l
i
t
e
s
.
T
h
i
s
s
u
s
p
i
c
i
o
n
i
s
b
a
s
e
d
l
a
r
g
e
l
y
o
n
t
h
e
f
a
c
t
t
h
a
t
t
h
e
m
a
j
o
r
p
o
r
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
u
s
a
g
e
o
c
c
u
r
s
in
c
r
o
p
p
r
o
d
u
c
t
i
o
n
.
I
t
b
e
c
o
m
e
s
i
m
p
e
r
a
t
i
v
e
,
t
h
e
r
e
f
o
r
e
,
t
o
a
s
s
e
s
s
t
h
e
c
o
n
t
r
i
b
u
t
i
o
n
o
f
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
s
t
o
t
h
e
t
o
t
a
l
p
e
s
t
i
c
i
d
e
l
o
a
d
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
a
s
s
o
c
i
a
t
e
d
t
r
i
b
u
t
a
r
y
r
i
ve
r
s
.
O
n
l
y
v
e
r
y
r
e
c
e
n
t
l
y
h
a
ve
t
h
e
r
e
b
e
e
n
a
t
t
e
m
p
t
s
m
a
d
e
to
i
d
e
n
t
i
f
y
c
l
e
a
r
l
y
the
s
o
u
r
c
e
s
o
f
p
o
l
l
u
t
a
n
t
i
n
p
ut
(
i
n
c
l
ud
i
n
g
p
e
s
t
i
c
i
d
e
s
)
to
the
G
r
e
a
t
L
a
k
e
s
t
h
r
o
u
g
h
i
n
t
e
g
r
a
t
e
d
m
u
l
t
i
d
i
s
c
i
p
l
i
n
a
r
y
a
n
d
m
u
l
t
i
a
g
e
n
c
y
a
p
p
r
o
a
c
h
e
s
u
s
i
n
g
l
a
r
g
e
watersheds,
as
indicated
in
Section
u.
These
research
and/or
demonstration
programs
will
take
at
least
5
to
10
years
to
be
realized
or
initiated
d
e
p
e
n
d
i
n
g
u
p
o
n
f
u
n
d
i
n
g
p
o
t
e
n
t
i
a
l
.
Specific
research
needs
are
as
follows
but
not
arranged
necessarily
in
a
n
y
o
r
d
e
r
o
f
p
r
i
o
r
i
t
y
.
a.
Pesticide
inputs
on
agricultural
lands.
This
involves
a
systematic
documentation
of
the
lands
and
amounts
of
pesticides
used,
category
of
crops
treated,
and
area
treated
for
each
crop
category.
b.
Pesticide
degradation
rates
and
fate
of
toxic
metabolites.
Little
information
is
available
on
the
fate
of
the
metabolites
of
persistent
pesti—
cides
in
soil
and
aquatic
systems.
Likewise,
information
about
the
degrada-
tion
of
newer
compounds‘
which
are
finding
increasing
use
due
to
the
restric—
tions
placed
on
the
persistent
pesticides,
is
needed
for
the
environmental
conditions
found
in
the
Great
Lakes
Basin.
Furthermore,
the
fate
and
toxicity
of
their
metabolites
need
elucidation.
c.
Transport
of
pesticides
from
agricultural
watersheds
to
the
Great
Lakes.
More
information
is
needed
on
thexnechanisms
of
pesticide
movement
from
varied
types
of
soils
and
cropping
pattterns
present
in
the
watersheds.
Inputs
of
pesticides
to
the
Great
Lakes
by
atmospheric
fallout
or
rainout
are often neglected
  
s
a
g
e
»
1
—
r
_
—
.
:
-
.
~
.
—
a
~
-
-
g
  
  
d.
E
x
p
a
n
s
i
o
n
a
n
d
r
e
d
e
s
i
g
n
i
n
g
o
f
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
s
.
S
e
d
i
m
e
n
t
s
a
c
t
a
s
r
e
s
e
r
v
o
i
r
s
o
f
p
o
l
l
u
t
a
n
t
s
(
i
n
c
l
u
d
i
n
g
p
e
s
t
i
c
i
d
e
s
)
,
b
u
t
t
h
e
y
a
r
e
o
f
t
e
n
o
v
e
r
l
o
o
k
e
d
in
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
s
.
I
n
c
l
u
s
i
o
n
o
f
s
o
i
l
,
s
e
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Section 1
SUMMARY
1.1 Introduction
The land use category on Nutrients - Agricultural Land is
 
concerned with the nutrient contribution to the Great Lakes from
agricultural land. The nutrients of importance are phosphorus and
nitrogen, as algal growth is considered to be limited by one or the
other of these nutrients in most lakes. Phosphorus reduction has
been emphasized in municipal waste treatment. Consequently,
assessment of the phosphorus loading from agricultural land is of
particular importance. Relatedly, a need exists to determine the
availability of the information required to assess the problem.
1.2 Summary of Findings and Conclusions
The information on nutrient transport from agricultural lands was
evaluated to obtain estimates of nutrient input rates to the Great
Lakes per unit of land according to crop use category. Data based on
runoff from small field plots gave usable information on soluble
nutrient transport but overestimated total nutrient transport as a
large portion of the eroded soil would not reach the Great Lakes.
However, this data allowed comparison of various crop use categories.
The most reliable data for estimating nutrient transport to lakes was
based on streams draining primarily agricultural areas. However, this
data varied considerably among investigations and did not allow
evaluation of crop use categories. Based on streams draining
agricultural lands, the phosphorus loading was estimated to be about
0.4 kg per hectare (0.35 lb per acre) for total P and 5 kg per hectare
(4.5 lb per acre) for total N. For phosphorus, the estimated
contribution from agricultural land was about 20 percent of the total
phosphorus loading to the Great Lakes. Total nitrogen loadings for
the Great Lakes Were not available. Because of the range in the data
used, the above estimates may be inaccurate.
  
Within
the
range
of
available
data,
differences
in
transport
rates
for
soluble
nutrients
were
not
found
for
the
different
crop
use
categories.
Total
nutrient
transport
from
field
plots
was
related
to
crop
cover
and
corresponding
soil
erosion.
Estimated
nutrient
loadings
were
related
more
to
land
area
than
differences
in
input
rates
for
different crop categories.
The
area
devoted
to
agricultural
land
in
the
Great
Lakes
Basin
will
not
increase
appreciably
in
the
future.
Consequently,
any
increase
in
nutrient
transport
to
the
Great
Lakes
from
agricultural
land
will
apparently
result
only
if
more
intensive
agriculture
increases nutrient losses.
In this regard,
the effect of fertilization
is
important.
At
present,
quantitative
analysis
of
the effect
of
fertilizer use
on a basin—wide
basis
can not be made.
Research and demonstration projects are needed to more accurately
assess the problem and establish adequate control measures.
Monitoring
of representative agricultural drainage basins is needed to provide
quantitative information on nutrient transport as related to land use
and other important factors. Research is needed on the factors and
mechanisms controlling nutrient transport from agricultural lands,
especially for soluble nutrients, to determine the role of soil
properties, fertilizer use and other factors in controlling nutrient
concentrations in runoff. Transport in streams and rivers should be
evaluated to provide information on losses due to interaction with
stream sediments. The effects of particulate nutrients on the nutrient
status of lake surface waters should be determined to clarify the
importance of including particulate nutrient forms in lake nutrient
budgets. Demonstration projects are also needed to establish the
effectiveness of control measures, such as soil conservation and erosion
control programs, and the feasibility of implementing control policies
and programs.
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2.2 Scope of Study
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Information available to the present time was utilized, including
information on ongoing research when it could be obtained.
2.3 Study Procedure
Information on nutrient transport from agricultural land was
gathered and evaluated with the ultimate goal of providing information
on the contribution of agricultural lands to the nutrient loading of
the Great Lakes. An intensive survey of the scientific literature was
conducted. Reports from research and demonstration projects were
utilized. Letters were sent to individuals and organizations
throughout the country thought to have relevant information. These
letters requested publications and other information on the subject
under investigation. University and state experts were consulted.
Information on research in progress was obtained from Smithsonian
Science Information Exchange.
The various assumptions made are discussed in the appropriate
sections of the review. The assumption of general importance made
was that the only nutrients of importance regarding effects on the
Great Lakes were phosphorus and nitrogen.
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 Great Lakes. Phosphorus and/or nitrogen have been implicated as the
nutrients limiting algal growth in various lakes (Vollenweider, 1968).
In the Great Lakes, the major focus has been on phosphorus, due in
part to the greater possibility of phosphorus control. Various other
nutrients essential to plant growth are contained in agricultural
runoff, but there is little evidence that nutrients other than nitrogen
and phosphorus limit algal growth in lake waters.
Phosphorus and nitrogen occur in various chemical and physical
forms which affect their mobility in agricultural runoff. These
relationships are discussed in sections 3.5 and 3.6 of this review.
3.4 State-of-the-Art In Assessing and Quantifying Nutrient Loadings to
the Great Lakes from Agricultural Lands
3.4.1 Nutrient Contributions from Agricultural Landsl
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3.4.1.1 Nutrient Losses by Seepage
Nutrient loss from agricultural lands by seepage through the
soil profile has been a topic of interest for several decades. The
majority of the earlier studies were conducted to evaluate alternative
agricultural practices, such as crop rotation, fertilizer usage,
plowing techniques, etc., and losses of nitrate nitrogen were studied
almost exclusively. In more recent years, emphasis has been placed on
evaluating the effects of agricultural practices on water quality, and
losses of phosphorus as well as nitrogen have been reported.
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Two types of studies are reported in the literature which
describe the transport of nutrients by seepage through soils. These
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tile—drained croplands.
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Studies in which nutrient losses from croplands by tile drainage
were compared to losses via surface runoff were also conducted in California
and Idaho.
Johnston, Ittihadich, Daum and Pillsbury (1965) analyzed tile
drainage effluent and surface runoff from irrigated land in the San
Joaquin Valley of California. Four 19 to 60 ha (47 to 148 ac) plots
growing cotton, alfalfa and rice were studied. The soils were heavy
silty clays, and tile depth averaged 190 cm (75 inches). Analyses were
made for total nitrogen and total phosphorus. No estimates were made as
to the quantity of nitrogen or phosphorus lost through deep percolation.
Nutrient loss Fertilizer applied
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Analyses of seepage from uncultivated, unfertilized land
adjacent to the Neck Farm led to the conclusion that the high values
of nutrient loss were in part due to accretion from surrounding lands,
and that only a small part of the nitrogen and phosphorus added to the
Muck Farm reached the drainage water.
Losses of nitrogen as a function of fertilizer usage was also
studied by Broadbent and Chapman (l930). They grew veteh, clover and
mustard in lysineters at Riverside, California. The experiment covered
a 15~year period and the average water application (rainfall plus irrigation)
was 89 cm (39 inchesl.
 
Fertilizer N applied (kg/ha/yr)*
O 112 224
Nitrogen loss (kg/ha[yr)*
Crop:
Vetch 3O 79 100
Clover 39 63 91
Mustard 20 34 45
Average loss for all crops
and treatments: 56
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kg/ha/yr x 0.89 = lb/aC/yr
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Nutrient loss (kg/ha/yr)*
  
NO3—N Total - N Total - P
Range Mean Range Mean Range Mean
Various crops
2.4-40
24
3.6—46
29
0.09-0.17
0.11
Fallow or crops
returned to soil 38-140 90
No crop:
Fertilized
40
44
0.20
No Fertilizer
30
34
0.14
*
kg/ha/yr x 0.89 = lb/ac/yr
Dreibelbis (1946) also found a correlation between nitrate
loss and fertilizer usage, but Hendrick and Welsh (1938) reprted no
significant differences in nitrate loss between fertilized and nonfertilized
plots in a ten-year study conducted in England.
A summary of the data giving nutrient losses from croplands by
seepage through the soil profile is given in Table 1.
Based on
considerations of nutrient pathways, data from lysimeter or subsurface
drainage studies are probably most applicable for estimating nutrient
loadings of lakes which receive irrigation return waters.
The data may
also be useful for estimating the flux of nutrients from croplands to
groundwater aquifers, but subsequent transport would be highly speculative
in most instances.
3.4.1.2 Nutrient Transport From Agricultural Lands In
Surface Runoff
A
separate
data
grouping
was
prepared
for
nutrient
losses
from
agricultural
lands by
surface runoff.
In studies
of
this
type,
samples
of
runoff
water,
including
suspended
matter,
are
collected
periodically
from
fields
or
experimental
plots.
Runoff
is
not
continuous,
but
occurs
only
when
excessive
water
is
applied
through
irrigation
or
rainfall.
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Table 1 Nutrient Export From Croplands by Seepage Through Soil Profile
Cro
p-—
stu
dy
N (kg/ha/yr)*
N03
P (kg/ha/yr)*
Dissolved
inorganic
Tot
al
References
Corn-—tile draina
ge, Lithuania
Corn-oats-hay rot
ation-lysimeter,
120 kg+ N/ha added
, New York
Corn—oats-hay rotation——lysimeter,
New York
Corn-oats—wheat-hay rotation-—
lysimeter, New York
Corn-lysimeter, Ohio
Corn—~tile drainage, Ontario
No fertilizer
Fertilizer added
Cotton—-tile drainage, 280 kg N/ha
added, California
Cotton-tile drainge, 220 kg N/ha
and 36 kg P/ha added, California
Cotton & rice-tile drainage,
300 kg N/ha and 52 kg P/ha added,
California
Rice-tile drainage, 94 kg N/ha
added, California
2.6
43.
2.4
5.4 with legumes
7.4 without legumes
1.9
0.20a
0.26a
0.05
0.19
0.60
Kinderis (1970)
Bizzell (1944)
Bizzell & Lyon (1928)
Dreibelbis (1946)
H
H H
Bolton §_ a1. (1970)
Meek 3; a1. (1969)
Johnston 3; a1. (1965)
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Table 1
(Continued)
Nutrient Export From Croplands by Seepage Through Soil Profile
N (kg/ha/yr)*
Crop-study
N03 NH4
P (kg/ha/yr)*
Dissolved
inorganicTotal
Total References
0ats-1ysimeter, England 2.5
Barley-1ysimeter, England
8.
Wheat——lysimeter, Ohio
3.
Hay-1ysimeter, England
9.
Timothy——1ysimeter,
140
kg N/ha
added, New York
12.
Alfalfa—-tile drainage,
California
A1fa1fa——tile drainage, Ontario
Alfalfa-lysimeter, Kentucky
11.
Lespedeza—~lysimeter, Kentucky
65.
Lespedeza & rye——lysimeter,
Kentucky
17.
Lespedeza & b1uegrass—-1ysimeter,
Kentucky
22.
Legumes—~tile drainage, Lithuania
1.5
Vetch——lysimeter, California
Clover-lysimeter, California
3.5
0.08
4.8
0.1
30.
39.
Hendrick & Welsh
(1938)
H
H
II
Dreibelbis
(1946)
Hendrick & Welsh
(1938)
Bizzell (1944)
Johnston et a1; (1965)
Bolton e; a1: (1970)
Karraker e;_ a1; (1950)
H
II
II
II
Kinderis (1970)
Broadbent & Chapman (1950)
II
II
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Table 1
(Continue
d) Nutr
ient E
xport
From C
roplan
ds by
Seepag
e Thro
ugh So
il Pro
file
Crop——study
N (kg/
ha/yr)
*
N03 NH4
P (kg/ha/yr)*
Dissolved
Total inorganic Total Refer
ences
Must
ard—
—lys
imet
er,
Cali
forn
ia
Grasse
s——lys
imeter
, New
York
Grasses——
tile drai
nage, Lit
huania
Grasses & wheat-—t
ile drainage,
Lith
uani
a
Bluegrass sod—-ti
le drainage,
Ont
ari
o
Meadow——lysimeter, Ohio
Pasture——lysimeter, England
Various crops—~ti1e drainage,
Idaho
Various crops——tile drainage,
Washington
Not stated-tile
drainge, Illinois
Not state
d—-tile d
rainage,
Michigan, Ferden Farm
Davis Farm
Muck
Farm
2.8
0.3
0.8
4.3
2.6
35
.
73.
18.
20.
0.3
100.
12.
8
.
19.
0.01
0.13
2.5
7.
7
Broadbent
& Chapman
(1950)
Bizzell &
Lyon (192
8)
Kinder
is (19
70)
Bolto
n 2;
a1:
(1970
)
Driebelbis (1946)
Hendrick & Welsh (1938)
Carter et_ a1, (1971)
Sylvester & Seabloom (1962)
Harmeson (1971)
Erickson & Ellis (1971)
n H H
H
II N
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gt
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.
(1
95
0)
 As was the case for seepage studies, most surface runoff
investigations were conducted to evaluate alternative farming practices,
such as plowing techniques, crop rotations and fertilizer applications,
from the standpoint of minimizing soil and nutrient losses from
croplands. Consequently, particulate material was intentionally
included in the samples, and particulate, along with dissolved, nutrients
were measured in most instances. Study areas were often quite small
and usually the areas were devoted to single crops. Fertilization and
plow
ing
were
gene
rall
y un
ifor
m wi
thin
a st
udy
area
, bu
t la
rge
diff
eren
ces
occurred between study areas.
Data from surface runoff studies are given in Table 2. The
data are grouped according to crop, but other factors, such as slope,
soil characteristics, farming practices, and antecedent soil moisture,
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Table 3 (
Continued
) Nutrient Transport From Agricultural Watersheds By Streams
N (kg/ha/yr)*
Location — comment N03 NH4 Total
P (kg/ha[yr)*
Dissolved
inorganic Total
Tot-N
Tot—P
References
Maine, rural areas, sparsely
1.9
populated, Stetso
n R, 74 km2
Wisconsin, average for 36 streams, 1.2
base flow only, 5.7—370 kmz
Ontario,
Grand R w
atershed,
3500
k1n2
Ontario, near Toronto
River
Area (kmz)
West Humber 130
3.2
(dairy farms)
Little Rouge 78
8.4
(mixed farms)
Antona
54
4.0
(mixed farms)
England
Arable land
13.
Permanent pasture
8 .
Wisconsin, tributaries to Lakes:
Monona
Waubesa
Kegonsa
t
\
~
o
N
0
|
\
o
+
o
~
u
w
o
¢
q
-
m
n
+
+
+
Prince Edward Island,
26 km2+ watershed, 28%
potato fields, remainder
in pasture & woodlot
0.04
0.10
0.07
0.21
0.35
0.17
48.
1
2
.
15.
24.
24.
Mackenthun_§§ a1. (1968)d
Minshall gt a1; (1969)
Missingham
(1967)d
Owen & Johnson (1966)
Neil, Johnson & Owen
(1967)
Owens
(1970)
Sawyer (1947)
Smith (1959)
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4 c
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aximum
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Author
s stat
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alues
are wi
thin a
few pe
rcent
of tot
al—P.
dData giv
en as los
s/day or
loss for
part of a
year—~ext
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Nutrient Loads (kg/ha/day)*
Stetson Stream Mulligan Stream
_N_ _P_ _N__£’_
Winter 0.0029 0.0 No Flow
Spring 0.0086 0.00015 .00084 .00003
Sum
mer
0.0
083
0.0
001
2
No
Flo
w
Fall 0.0015 0.00018 .0013 .00005
*
kg/ha/day x 0.89 = lb/ac/day
Ann
ual
val
ues
wer
e c
omp
ute
d h
ere
by
mul
tip
lyi
ng
eac
h d
ail
y l
oad
per
sea
son
by 91.25 and summing.
-25-
 Phosphorus transport from a 3,500 km2 (1,350 milez) agricultural
watershed in Ontario (Grand River) was repoted by Missingham (1967).
.ﬁggth Total P (kg/ha/day)*
December 0.00014
January 0.00025
February 0.00021
Average 0.00020
*
kg/ha/day x 0.89 = lb/ac/day
An average value of 0.0002 kg/ha/day (0.00018 lb/ac/day) converts to 0.07
kg/ha/yr (0.062 lb/ac/yr) which is, most likely, an underestimate of the
amount of phosphorus transported annually from the basin.
Minshall, Nichols, and Witzel (1969) carried out a two—year
study to determine the amount of nutrients in base flow of southwestern
Wisconsin streams. Flow rates were determined for 36 streams with
drainage areas varying from 570 to 37,000 ha (1,410 to 91,430 ac).
Samples were collected, and flows were measured at times when no surface
runoff was entering the streams.
The area studied was 90% agricultural, with 40% in contour
strip—cropped farmland (corn, oats and alfalfa), 40% in pasture, and
10% woodland. Livestock enterprises were prevalent. Soils were
moderately and well-drained silt loams, and the mean annual precipitation
for the area was 83 cm (32.7 inches). An average of 9 kg/ha/yr (8 1b/ac/yr)
nitrogen was applied as manure or artificial fertilizers.
Nutrient Loss (kg/ha/yr)*
1966 1967
To_t-_P: _T___ot-N Elli
Hig
h
4.2
0.2
5
5.5
0.4
9
Low
0.4
0.0
1
0.5
0.0
3
We
ig
ht
ed
Av
er
ag
e
1.
1
0.
08
1.
4
0.
12
*
kg/ha/yr x 0.89 = lb/ac/yr
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Zanoni (1970) conducted a study of the Menomonee River basin
in southeastern Wisconsin, and reported that an average of 1.18 kg/ha
(1.05 lb/ac/yr) of total soluble phosphorus was contributed annually to
Lake Michigan from land drainage in the watershed. The total watershed
contains 350 km2 (135 milez) of which 38% is agricultural, 43% is urban
and the remaining 19% is woodlots, parks and unproductive land. An
analysis of runoff from sub—basins in the watershed showed that urban
areas contributed 0.58 kg/ha/yr (0.52 lb/ac/yr). Drainage from the
remainder of the watershed, primarily rural lands, can be computed to
yield a contribution of 1.63 kg/ha/yr (1.45 lb/ac/yr).
3.4.2 Nutrient Loadings for the Great Lakes
Estimates have been made of the P loadings for the five Great Lakes
and of the N loadings for Lake Huron (Zar, 1972; Great Lakes Water
Quality Board, 1973). The greater emphasis on P than N in these estimates
apparently reflects the focus on P in regulatory programs planned or
implemented to reduce the input of nutrients into the Great Lakes (Zar,
1972; Great Lakes Water Quality Board, 1973).
The P loading for Lake Michigan was estimated by the Phosphorus
Technical Committee to the Lake Michigan Enforcement Conference (Zar, 1972).
These estimates are summarized in Table 4.
For direct and indirect point
sources of P discharge, the estimates were based on the assumptions of a
P concentration of 10 mg/l in the influent of sewage treatment plants, a
discharge to domestic waste water of 1.64 kg
(3.65 lb) of P per person per
year and 454 liters (120 gallons) per person per day,
orwere calculated
from actual effluent data where available.
Consequently,
the values
for point sources reflect mainly municipal rather than industrial wastes.
Direct point sources are wastes discharged directly into the lake, while
indirect
point sources
are wastes
discharged
into tributaries
to
the lake.
Diffuse sources estimates were based in part on soil erosion (0.5 kg P/metric
ton
(1 lb P/ton)
of
sediment
or 0.9 x 106 kg
P/yr
(2 x 106
1b P/yr
for
the
lake),
and on other
sources
(decaying
leaves
and
crop residues;
dissolved
nutrients
in
runoff).
Details
on
the
basis
for
estimates
of
the
latter
sources
were not given.
HOWever,
estimated total
input from
diffuse sources
-27-
 ranged
from
12.
to
30
kg/kmz/yr
(l
to
25
lb/mileZ/yr)
or
0.5
to
3.2
x
106
kg/yr (l to 7 x 106 lb/yr) basin wide.
Estimates
of
P
loadings
from
other
than
direct
point
sources
were
also made
based
on measurements
of P
concentrations and
flow for
tributaries
to
Lake Michigan during
1969.
The
total
input
from
tributaries and
direct
point
sources
(7,764 metric
tons/yr or
8,560
tons/yr)
is approximately
equal
to
the
total input
based on
estimates
(explained previously)
of
indirect
point
sources
and
diffuse
sources
(7,809 metric
tons/yr or
8,609
tons/yr).
The close agreement between the two estimates tends to support their
validity (Table 4).
The P loadings estimated for Lake Michigan (Table 4) indicate that
the contribution frdm diffuse sources (including agricultural lands) is
appreciable (about 25% of the total).
However, loadings for diffuse sources
are variable and more difficult to estimate than for point sources.
Furthermore, the specific contribution from agricultural lands was not
estimated.
In spite of these problems in assessment, it appears that the
P contribution from agricultural lands is significant and will increase
in proportion as the input from point sources is reduced on the basis of
the requirement that all municipalities achieve 80% reduction of total P
entering waste water treatment plants that discharge to Lake Michigan or
to one of its tributaries (Zar, 1972).
The P loading estimates for the five Great Lakes are shown in Table 5
according to the contributions from tributaries, industrial sources and
municipal sources. The values for municipal and industrial sources are
based on direct discharges into the lakes, while tributary loading include
diffuse sources (including agricultural lands) and point discharges along
the tributaries (EPA, 1972; Great Lakes Water Quality Board, l973)1.
1Data for nutrient budgets was taken from Section III-C, Water Quality
Conditions (Great Lakes Water Quality Board, 1973). Discrepancies
exist in some cases between these values and values in Section IV—C,
Eutrophication, of the same publication.
-28-
     
 Tablma
4.
Phosphorus
Loadings
to
Lake
Michigan
(Zar;
1969)l
Scurce
Amount
metric
tons/year
(tons/year)
Direct
point
sources
1,771
(1,953)
Indirect
point
sources
55221
(4,654)
Sub—total
5,993
(6,607)
Diffuse
sources
1
,
8
1
6
(2,002)
Total
(Based
on
estimates
of
sources)
7,809
(8,609)
Tributaries
(1969)
5,993
(6,607)
Direct
municipal
and
industrial
sources
1
,
1
1
1
(1,953)
Total
(Based
on
measurement
of
tributary
inputs)
7,764
(8,560)
lEstimates
do
not
include
direct
atmospheric
fallout
and
precipita-
tion
and
combined
sewer
overflows.
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Table 5
.
Total Phosphorus Loadings to the Great Lakes From Tributaries,
Industrial and Municipal Sources
(Great Lakes Water Quality Board,
1973)
 
Superior
Michiganl
Huron
Erie
Ontario
 
Canada
metric tons/year
(670)
(130)
(105)
608
118
Tributaries
Industrial
Municipal
95
United States
980
Industrial
—
~
—
—
363
(400)
1,8142 (2,000)
2,164
(2,385)
7,800
(8,600)
Tributaries
(1,080)
5,986
(6,600)
Municipal
Input
from
other
Great
Lake(s)
-
—
nd
(nd)
1,143
77
0
"
)
885
231
q
(1,259)
(l)
(85)
(1,531)
(nd)
(4
1
(2,880)
(975)
(255)
(tons/year)
934
(1,030)
54
(60)
36
(40)
4,185
209
1,900
7,318
(4,615)
(230)
(
2
,
0
9
5
)
(8,070)
5
9,578
(10,560)
1,705
2
9
9
2,413
5,5056
(1,880)
(33
0)
(2,660)
(2,180)
(1,350)
(8,400)
(6,070)
2,164
(2,385)
7,800
(8,600)
Based
on
estimates
reported
by
Zar
(1972)
Includes
industrial
and municipal
sources
Lake
Superior,
including
St.
Mary's
River
Lake
Michigan
La
ke
Huron,
Lake
St.
Clair,
and
the
Detroit
River
r
-
l
e
ﬁ
’
l
-
H
O
r
—
4
(
’
3
r
‘
\
«
W
Lake
Erie,
including
the
Niagara
River
and
Welland
Canal
(4,110)
16,896
(18,630)
13,123 (14,470)
ﬂlLf
3‘
ﬁg;
l
1‘75;
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L
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Table 6.
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W
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Q
u
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i
t
y
B
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d
,
1
9
7
3
)
_
 
Source
Amount
 
Canada
Tributaries
Industrial
Municipal
United States
Tributaries
Industrial
Municipal
Input from Lake
S
u
p
e
r
i
o
r
i
n
c
l
u
d
i
n
g
S
t
.
M
a
r
y
'
s
R
i
v
e
r
I
n
p
u
t
f
r
o
m
L
a
k
e
Michigan
metric tons/year
16870
us
181
17,051
nd
17,051
19,410
19,682
56,143
(tons/year)
(18600)
(us)
(200)
(18,800)
(18,800)
(21,400)
21 700)
( 2
(61,900)
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Estimates for the Great Lakes show that diffuse and indirect point
sources account for a major part of the P loadings. The proportion
of the total P loading contributed by tributaries ranges from about
77% for Lake Michigan to 28% for Lake Ontario. The lower proportions
for Ontario and Erie reflect the importance of contributions from the
preceding lake in the chain. While the estimatesfor the Great Lakes
show the importance of P contained in tributaries, these values do not
show the relative importance of diffuse sources (including agricultural
land) and point waste discharges along the tributaries. Municipal waste
discharges into tributaries likely account for a large part of the total
tributary load. More detailed information is needed to assess the
agricultural contribution.
Apparently, loadings of N to the Great Lakes have received considerably
less attention than estimates of P loadings. Estimates were reported
for the N loading to Lake Huron from the Canadian side by the Great Lakes
Water Quality Board (1973) as shown in Table 6. In contrast to the P
loading (about 60% from direct municipal and industrial sources for the
Canadian side), the N was estimated to arise almost completely from
tributary input and from Lakes Superior and Michigan.
3.4.3 Estimation of the Contribution of Agricultural.Lands to
the Nutrient Loading for the Great Lakes
Information on the amounts of nutrients transported from agricultural
lan
d i
n s
urf
ace
runo
ff,
sum
mar
ize
d i
n s
ect
ion
3.4.
1.2,
pro
vid
es
a b
asi
s
for
est
ima
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g t
he
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unts
of
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nts
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to
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at
Lak
es
_fro
m a
gri
cul
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al
land
s.
Use
of
dat
a o
bta
ine
d f
rom
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ll
wat
ers
hed
s o
r
fie
ld
plo
ts
all
ows
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tio
n o
f n
utr
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ing
s a
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ng
to
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e
of
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ral
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se.
How
eve
r,
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t b
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eco
gni
zed
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var
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sts
in
dat
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for
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e.g
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row
cro
ps,
(se
e s
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ion
3.4
.1.
2)
and
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t e
sti
mat
es
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e
on
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s b
asi
s
are
only approximations at best.
   
   
The
data
on
rates
of
nutrient
transport
in
surface
runoff
(section
3.4.1.2)
was
averaged
to
obtain
typical
nutrient
loading
rates
for
each
land
use
Category.
Values
were
estimated
for
inorganic
phosphate
in
solution
(soln
Pi),
total
phosphorus,
inorganic
nitrogen
(NH4—N+NO3-N)
in
solution
(soln
N)
and
total
nitrogen
(Tables
7
&
8).
Input
rates
were
obtained
by
averaging
the
data
for
each
land
use
category
(Table
11,
section
3.4.1.2).
Data
on
agricultural
land
use
was
taken
from
the
Great
Lakes
Basin
Framework
Study,
Appendix
13
(1971).
The
estimated
phosphorus
loading
to
the
Great
Lakes
from
agricultural
lands
was
1830
metric
tons/year
(2020
tons/year)
of
inorganic
P
in
solution
and
12,000
metric
tons/year
(13,300
tons/year)
for
total
P.
These
values
correspond
to
9
and
60
percent,
respectively,
of
the
total
P
loading
for
the
Great
Lakes
estimated
by
the
Great
Lakes
Water
Quality
Board
(1973)
and
shown
in
Table
5,
section
3.4.2.
Loadings
for
N
were
27,800
m
e
t
r
i
c
tons/year
(30,600
tons/year)
for
inorganic
N
in
solution
and
399,000
metric
tons/year
(439,000
tons/year)
for
total
N.
As
discussed
below,
total
N
and
P
values
likely
are
overestimates,
as
part
of
the
soil
eroded
from
small
agricultural
plots
is
deposited
as
sediment
prior
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r
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 Table 7.
Estimated Annual Loadings of Phosphorus to the Great
Lakes by Runoff from Crop Land (U.S. Region only)
    
 
Input Rate Annual Loadings
 
Crop Area Soln Pi Total P Soln Pi Total P
1,000 hectares kg/ha/yr metric tons/yr
(1,000 acres) (lb/ac/yr) (tons/yr)
Row Crops 3,949 0.21 1.62 829 6,400
(9,750) (0.19) (1.45) (914)» (7,050)
Close-Grown 1,458 0.13 0.47 190 685
Crops (3,600) (0.12) (0.42) (209) (755)
Pastures and 2,719 0.22 0.24 598 653
Meadows (6,715) (0.19) (0.21) (659) (720)
Orchards and 243 0.211 1.40 51 340
Vineyards (600) (0.19) (1.25) (56) (375)
Idle Crop 3,219 0.05 1.23 161 3,960
Land (7,947) (0.04) (1.10) (178) (4,370)
Total 11,588 1,829 12,038
(28,612) (2,017) (13,270)
lAssumed to be the same as
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orchards reflect data obtained from fallow soil and cultivated orchards,
respectively. This may not be typical of land in these categories in the
Great Lakes Basin.
As with P, input rates for inorganic N in solution were generally
similar for the different crop categories and were low compared to
total N. The rates for total N reflected the importance of soil erosion
on bare soil.
While data for runoff collected from small plcts provides information
related to agricultural crop cateogry, these data do not reflect the
processes, such as sedimentation, which occur during transport of the water
to the Great Lakes. On this basis, data on streams draining agricultural
lands probably provides a better measure of nutrient transported to lakes.
Even using stream data, the calculated total nutrient loadings will over—
estimate the available nutrient loadings (see Section 3.5).
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 Table 9. Estimated Annual Loadings of Nutrients to the Great
Lakes based on Stream data (U.S. Region Only)
Total Cropping Area = 11,588 x 103hectares
(28,612 x 103 acres)
 
Proportion of Loading
 
Nutrients Input Rate Annual Loadings to the Great Lakes
Tributary P Total P
kg/ha/yr metric tons/yr %
(lb/ac/yr) (tons/year)
Phosphorus
Dissolved 0.11 1,280 9 6
Inorganic P (0.10) (1,400)
Total P 0.36 4,170 29 21
(0.32) (4,590)
Nitrogen
Inorganic N 3.80 44,000
(3.39) (48,400)
Total N 4.90 56,800
(4.38) (62,500)
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Table 10. Comparison of Phosphorus Sources for Lake
Erie and Lake Ontario as Percent Contribution
 
Inputs Lake Erie1 Lake Ontario2
X
1 Direct Precipitation 5 -
Land Runoff 9
Ur
ba
n
4
Agricultural or Rural 15
Forest
Wastewater
Municipal 73 86
Industrial(Direct) 4 5
lWeibel, 1969. Excludes input from Lake Huron which was 12.6%
of the total input.
2EPA, 1971. Excludes input from Lake Erie.
_'3C§_
   
f
a
n
-
4
A
4
:
a
_
A
,
l
a
r
_
i
r
r
E
.
A
.
4
A
M
A
A
.
.
.
r
u
»
      
N03—N in the data used (Table 3). As with P, the total N loading rate
is considerably lower when based on stream data rather than on runoff
data. The total N loading from agricultural land of 56,800 metric tons/year
(62,500 tons/year) based on stream data is considered a more reliable
estimate than the value of 399,000 metric tons/year (439,000 tons/year)
based on runoff. Insufficient information is available on the total N
loading to the Great Lakes to compute the proportion arising from
agricultural lands.
The proportion of the P loading to the Great Lakes estimated to
originate from agricultural lands (21%) can be compared to estimates
obtained by others using different approaches. In the case of Lake
Michigan (see Table 4), it was estimated that about 23% of the total
loading was from diffuse sources. This would include urban runoff
and other non—point sources. Out of the total P loadings to Lake Erie,
about 14% was estimated to come from agricultural land, while 9% was
contributed to Lake Ontario by runoff which also included urban runoff
(Table 10).
In summary, agricultural land is estimated to contribute about 20
percent of the total P loading to the Great Lakes and about 30 percent
of that contributed by tributaries to the Great Lakes. This proportion
will increase as treatment of municipal wastes is accomplished. The
largest proportion likely arises from row crops, but appreciable amounts
originate from other crop cateogries. Within the present accuracy of
loading rates for different land use categories, the differences in loading
rates are primarily a function of the land areas in the respective
categories rather than differences in loading rates.
3.5 Mobility of N and P within Soil-Water, Ground Water and Surface
Water Systems.1
1The parts of this section dealing with P are based on the review by
Ryden 95 a1. (1973).
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3.5.1 Introduction
The transport of P and N from agricultural lands to surface waters
is a function of the physical and chemical factors controlling the
mobility of P and N in soils. An understanding of these factors is
essential to evaluating the extent of P and N transport in surface,
subsurface and ground water runoff as related to land use activities and
to developing management programs to minimize nutrient transport.
This section deals with the factors controlling P and N mobility
in soil-water systems. Quantitative aspects P and N transport in
runoff waters are considered in section 3.4.
3.5.2 Terminology
3.5.2.1 Hydrology and P and N Sources
"Watershed" (drainage basin, catchment area) —- A part of the
surface of the earth that is occupied by a drainage system, which consists
of a surface stream, or a body of standing (impounded) surface water,
together with all tributary surface streams and bodies of standing surface
water .
"Stremn'-- A general term for a body of flowing water. In
hydrology the term is usually appliedto the water flowing in a natural
channel.
"Stream flow" -- The discharge (of water) that occurs in a
natural channel.
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~tificial channels, e.g., storm sewers in urban areas ("urban runoff"),
:fore entering a stream or body of standing water.
"Subsurface runoff" (storm seepage) -— That part of precipitation
liCh infiltrates the surface soil and moves towards streams as ephemeral,
mallow, perched ground water above the main ground-water level. In many
gricultural areas subsurface runoff may be intercepted by artificial
rainage systems, e.g., tile drains, accelerating its movement to streams.
"Ground water runoff" (base runoff) -— That part of precipitation
hat has passed into the ground, has become ground water, and is subsequently
ischarged into a stream channel or lake as spring or seepage water.
In addition to runoff the other potential contributors to
:treams and standing waters are precipitation incident on the water
;urface and industrial and sewage effluents.
McCarty (1967) and Vollenﬁeider (1968) have made a useful division
)f sources of P to surface waters based on the ease of quantification.
£9335 sources enter at discrete and identifiable locations and are therefore
amenable to direct quantification and measurement of their impact on the
Major point sources include effluents from industrial
receiving water.
Diffuse sources may be defined as those which
and sewage—treatment plants.
at present can only be partially estimated on a quantitative basis and
which are probably only amenable to attenuation rather than elimination.
Diffuse sources require the most investigative attention.
Vollenweider
(1968) further divided diffuse sources into:
i) Natural sources such as eolian loading, and eroded material
from virgin lands, mountains and forests.
ii)
Artificial
or semi—artificial
sources which are
directly
related
to
human
activities
such
as
fertilizers,
eroded
soil materials
from agricultural
and urban
areas,
and
wastes
from
intensive
animal
rearing
operations.
The
loads
of
P
imparted
to
runoff
and
streams
from
natural
diffuse
sources
provide
a
datum
line
against
which
the
magniture
of
P
loads
from
artificial
sources
may
be
compared.
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 3.5.2.2 Forms of P and N
In natural systems, P occurs as the orthophosphate anion
(PO43_) which may exist in purely inorganic form (H2P04‘ and HPO42’) or
be incorporated into an organic species (organic P). Under certain
circumstances inorganic orthophosphate may exist as a poly— or condensed
phosphate. A secondary distinction is made between particulate and
dissolved forms of P, the split conventionally being made at 0.45 um.
Other terminology used is as follows:
"Total P" —— all forms of P in a runoff or stream sample
(dissolved and particulates in suspension) as measured by anacid-
oxidation treatment (e.g., acid ammonium persulfate).
"Dissolved inorganic P” —— P in the filtrate after 0.45 um
separation determined by an analytical procedure for inorganic
orthophosphate.
"Organic P" -- may be determined within the dissolved and
particulate fractions by the difference between the total P and
inorganic P.
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etwe
en t
he p
erco
lati
ng
solution and any soil component will in turn depend on the rates of
infiltration and percolation into the soil.
Some of the theories developed to describe water movement in soils
can be applied to evaluate the potential loss of N and P from various
soil types as a result of subsurface runoff. Gardner (1965) developed
equations to describe the movement of nitrate in the soil profile due
to leaching. The chemical interactions that occur between dissolved
inorganic N and P and soil components (discussed later), when water
percolates through the soil, must be taken into consideration. Inclusion
of 3 terms in the equations developed by Gardner (1965) to describe the
relationships between N and P in particulate and aqueous phases is
therefore necessary. This could take the form of a linear adsorption
isotherms relevant to the concentrations of dissolved inorganicN and P
maintained in the solution of a particular soil. Biggar and Corey
(1969) have also reviewed the literature on infiltration and percolation
of water in agricultural soils as it pertains to nutrient movement.
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The movement of solid phase material in contact with natural
waters occurs
during surface runoff and in streams.
The amount of solid
material capable of entering surface runoff will depend on the intensity
of rainfall, physical and chemical attachment between various solid
components, and the amounts of energy of runoff waters (Guy, 1970). It
is the energy of surface runoff or stream water, however, that governs
the amounts of a specific size fraction of particulate materials which
will remain in suspension during water flow.
The primary source of particulate material to surface runoff and
streams is eroding soil (Guy and Ferguson, 1970), although in urban
areas with little ongoing development, particulates may be dominated
by specifically urban detrital material (e.g. street litter and dust)
and organics derived from urban vegetation.
The total on—site losses of soil due to sheet and rill erosion are
not necessarily delivered to streams. The amount of sediment that
travels from a point of erosion to another point in the watershed is termed
the sediment yield (Johnson and Moldenhauer, 1970). Consequently the
Universal Soil Loss Equation used to predict field soil losses on an
average annual basis (Wischmeier and Smith, 1965) must be corrected when
used to predict sediment loads in streams because deposition of
particulates may occur on the land surface as a result of slope variations
before surface runoff reaches a stream. It is for this reason that
estimates of soil loss in surface runoff from sites within a particular
watershed cannot be translated into total N and P losses through a
knowledge of the total N and P contents of the soil, if the N and P
losses are to be related to P enrichment of surface waters.
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This
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values range from 1.5 to 3.1 for total P (Knoblauch gt .E1L, 1942;
Neal
, 19
44;
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tenb
erg
and
Whit
e, 1
953)
, wh
erea
s Ma
ssey
and
Jack
son
(195
2)
observed values between 1.9 and 2.2 for "water-soluble plus pH extractable"
P for silt loams in Wisconsin. The selective nature of surface runoff
with respect to P is due to selective removal of fine soil particulates
as a result of the energy limitations of runoff and the fact that a large
percentage of total soil P is frequently associated with clay-sized material.
A high proportion of the total P in soils may be associated with the
clay—sized fraction (Scarseth and Chandler, 1938; Williams and Saunders,
1965; Syers £5 31;, 1969). Greater selectivity of fines and consequently
particulate P will occur as the energy of surface runoff decreases.
Stoltenberg and White (1953) observed that as precipitation disposed of
as surface runoff decreased from 7 cm/hr (2.75 inches/hr) to 0.025 cm/hr
(0.01 inches/hr), the clay content of eroded material from a soil with
a clay content of 16—18% increased from 25 to 60%. This had obvious
implications in relation to the nature of the sediment load carried by a
stream and the interactions of P between the solid and aqueous phases,
particularly during periods of surface runoff. It should bepointed out:
however, that although the P content of the sediment load may increase
as surface runoff diminishes, as may be predicted from the work of
Stoltenberg and White (1953), the total P load may not change, and could
decrease, due to lower sediment loads.
The particulate material carried in streams may be divided into
bed load and wash or suspended load. The bed load, which may also have
a contribution from existing stream sediment, is that which moves along
or close to the stream bed, whereas the wash load is maintained in the
flow by turbulence (Johnson and Moldenhauer, 1970). By inference from
-45-
  
the selectivity of surface runoff for fine soil particulates, the wash
load will be high during surface runoff events. Furthermore, Johnson
and Moldenhauer (1970) suggest that the wash load travels at about the
same velocity as the water with which it is in contact. Consequently,
P assoicated with the clay— and silt-sized particulates constituting
the wash load will move between any two points in the stream profile at
the same speed as the ambient dissolved forms of P.
Increased turbulence in streams during high flow, or arising from
an increasing gradient, will tend to maintain in suspension particle
sizes more characteristic of the bed load, and may even resuspend existing
stream bed sediment. In a study of total P loads in the Pigeon River,
N.C., Keup (1968) noted that an increase in gradient from 2.81 to 4.35
m/km, over which no tributaries entered the main stream, resulted in a
90.8 kg/day (200 lb/day) increase in the total P load carried.
It appears that in the majority of cases a large proportion of
particulate N and P in streams arises from soil erosion. The N and P
may be stored in stream bed sediments, but unless the stream is actively
aggrading, the amount stored will be less than the inflow (Keup, 1968).
That which is Stored is liable to resuspension and transport due to
turbulence during periods of high flow.
3.5.4 Chemical Factors Affecting the Mobility of P
3.5.4.1 Nature of Soil P
Whe
nev
er
wat
er
con
tai
nin
g
a p
art
icu
lar
con
cen
tra
tio
n
of
dis
sol
ved
ino
rga
nic
P c
ome
s
int
o
con
tac
t w
ith
soi
l m
ate
ria
l,
the
re
is
a
pos
sib
ili
ty
for
sor
pti
on,
des
orp
tio
n,
or
dis
sol
uti
on
rea
cti
ons
to
tak
e
pla
ce.
Th
e
typ
es
of
re
ac
ti
on
s
are
the
sam
e
re
ga
rd
le
ss
of
wh
et
he
r
the
y
oc
cu
r
un
de
r
co
nd
it
io
ns
ex
is
ti
ng
in
th
e
so
il
pr
of
il
e,
su
rf
ac
e
ru
no
ff
,
or
str
eam
s,
all
of
whi
ch
may
be
reg
ard
ed
as
soi
l-w
ate
r
eco
sys
tem
s.
Alt
hou
gh
in
so
me
ca
se
s
bi
ol
og
ic
al
as
si
mi
la
ti
on
ma
y
in
it
ia
ll
y
af
fe
ct
the
di
st
ri
bu
ti
on
0f
P
be
tw
ee
n
di
ss
ol
ve
d
an
d
pa
rt
ic
ul
at
e
ph
as
es
of
so
il
-w
at
er
ec
os
ys
te
ms
,
th
e
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di
st
ri
bu
ti
on
of
P
be
tw
ee
n
th
es
e
ph
as
es
wi
ll
be
de
te
rm
in
ed
by
th
e
na
tu
re
of
th
e
in
or
ga
ni
c
pa
rt
iC
ul
at
es
an
d
th
e
co
nc
en
tr
at
io
ns
of
di
ss
ol
ve
d
in
or
ga
ni
c
P
in
so
lu
ti
on
(K
eu
p,
19
68
;
Mc
Ke
e_
g£
_§1
L,
19
70
;
Ry
de
n_
§£
21
L,
1972b).
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th
e
ba
si
s
of
so
lu
bi
li
ty
pr
od
uc
t
cr
it
er
ia
,
it
ha
s
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en
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st
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at
ed
th
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di
sc
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te
ph
as
e
cr
ys
ta
ll
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e
Fe
an
d
A1
ph
os
ph
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es
ex
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t
in
so
il
s
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em
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ll
,
19
57
;
Ki
tt
ri
ck
an
d
Ja
ck
so
n,
19
56
;
Ch
ak
ra
va
rt
an
d
Ta
li
bu
de
en
,
19
62
).
Th
e
ge
ne
ra
l
oc
cu
rr
en
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of
di
sc
re
te
Fe
an
d
Al
ph
os
ph
at
es
se
em
s
do
ub
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ul
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se
d
on
th
e
io
n
pr
od
uc
t
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ta
pr
es
en
te
d
by
Ba
ch
e
(1
96
4)
an
d
th
e
ex
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ri
me
nt
al
ob
se
rv
at
io
ns
of
Hs
u
(1
96
4)
.
Th
at
Fe
an
d
Al
ph
os
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es
ar
e
fo
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ed
as
a
te
mp
or
ar
y
ph
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e
in
th
e
vi
ci
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ph
os
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e
fe
rt
il
iz
er
pa
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s
du
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to
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d
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en
tr
at
io
n
is
we
ll
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ta
bl
is
he
d
(L
in
ds
ay
an
d
St
ep
he
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on
,
19
59
;
Hu
ff
ma
n,
19
69
).
Th
e
co
mp
ou
nd
s,
ho
we
ve
r,
wi
ll
no
t
be
st
ab
le
as
th
e
di
ss
ol
ve
d
in
or
ga
ni
c
P
co
nc
en
tr
at
io
n
in
th
e
so
il
so
lu
ti
on
or
aq
ue
ou
s
po
rt
io
n
of
ot
he
r
so
il
—w
at
er
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os
ys
te
ms
de
cr
ea
se
s.
Th
e
ca
lc
iu
m
ph
os
ph
at
e
mi
ne
ra
ls
,
ap
at
it
e
(S
hi
pp
an
d
Ma
te
ls
ki
,
196
0)
an
d
ca
lc
ic
fe
rt
il
iz
er
-s
oi
l
re
ac
ti
on
pr
od
uc
ts
(Hu
ffm
an,
196
9)
ha
ve
be
en
id
en
ti
fi
ed
in
soi
ls.
Th
e
am
ou
nt
s
of
ap
at
it
e
ar
e
on
ly
ap
pr
ec
ia
bl
e
in
we
ak
ly
we
at
he
re
d
so
il
s
(W
il
li
am
s
at
421
;,
196
9),
as
pr
ed
ic
te
d
by
the
we
at
he
ri
ng
in
di
ce
s
of
Ja
ck
so
n
(19
69)
.
Ca
lc
ic
fe
rt
il
iz
er
—s
oi
l
re
ac
ti
on
pr
od
uc
ts
ma
y
be
pr
es
en
t
in
ne
ut
ra
l
an
d
ca
lc
ar
eo
us
su
rf
ac
e
so
il
ho
ri
zo
ns
,
and
the
ir
imp
ort
anc
e
in
mai
nta
ini
ng
hig
h
con
cen
tra
tio
ns
of
dis
sol
ved
in
or
ga
ni
c
P
in
so
il
-w
at
er
ec
os
ys
te
ms
sh
ou
ld
no
t
be
ov
er
lo
ok
ed
.
It
ha
s
be
en
de
mo
ns
tr
at
ed
th
at
the
up
ta
ke
or
so
rp
ti
on
of
P
fr
om
sol
uti
on
by
soi
ls
is
sig
nif
ica
ntl
y
rel
ate
d
to
the
pre
sen
ce
of
sho
rt—
ran
ge—
ord
er
(am
orp
hou
s)
oxi
des
and
hyd
rou
s
oxi
des
of
Fe
and
Al
(Wi
lli
ams
st
21;
, 1
958
; G
orb
uno
v g
t
EAL
, 1
961
;
Bro
mfi
eld
, 1
965
; H
su,
196
4;
Sau
nde
rs,
196
5).
Fur
the
rmo
re,
"pu
re"
oxi
des
and
hyd
rou
s
oxi
des
of
Fe
and
A1,
and
sho
rt-
ran
ge-
ord
er
alu
min
osi
lic
ate
s h
ave
als
o b
een
sho
wn
to
be
par
tic
ula
rly
eff
ect
ive
in
the
sor
pti
on
of
ino
rga
nic
P f
rom
sol
uti
on
(Ga
stu
che
gt
31;
, 1
963
; M
ulj
adi
g£_
.al
;,
196
6;
Hin
gst
on
gt
31;
,
196
9).
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The
sor
pti
on
of
ino
rga
nic
P b
y F
e a
nd
A]
oxi
des
and
hyd
rOu
s o
xid
es
is
kno
wn
to
be
rapi
d,
as
is
the
sor
pti
on
of
P b
y s
oils
.
Fur
the
rmo
re,
sho
rt-
ran
ge-
ord
er
Fe
and
A1
oxi
des
and
hyd
rou
s o
xid
es
are
ubi
qui
tou
s
in
soil
s (
HSu,
1964
),
thei
r r
ela
tiv
e a
mou
nts
dep
end
ing
on
par
ent
mat
eri
al,
Cli
mat
ic,
and
dra
ina
ge
con
dit
ion
s,
and
occ
ur
mai
nly
as
coa
tin
gs
on
oth
er
soi
l
com
pon
ent
s.
She
n
and
Ric
h
(19
62)
and
Jac
kso
n
(19
63)
hav
e
not
ed
the
occ
urr
enc
e o
f A
1
hyd
rox
ypo
lym
ers
,
and
Dio
n
(19
44)
and
Rot
h e
t_
31
;
(19
69)
hav
e
rep
ort
ed
the
pre
sen
ce
of
Fe
oxi
de
and
hyd
rou
s
oxi
de
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tin
gs
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cla
y m
ine
ral
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Suc
h
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gs,
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h
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r
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e
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cla
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on
co
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50%
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the
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P
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e
cl
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as
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e
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os
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at
e
P
so
rp
ti
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il
s
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il
li
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;,
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at
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ti
on
an
d
cl
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at
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re
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er
se
d
cl
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.
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at
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at
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e
(B
ue
hr
er
an
d
Wi
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,
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;
Sy
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.,
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ye
rs
an
d
Wa
lk
er
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69
;
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,
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69
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ic
h
is
a
di
sc
re
te
ph
as
e
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pr
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i
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i
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i
l
i
ze
r
-
s
o
i
l
r
e
a
c
t
i
o
n
p
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i
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.
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c
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c
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c
a
s
e
o
f
Fe
,
m
a
j
o
r
e
m
p
h
a
s
i
s
s
h
o
u
l
d
b
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directed
towards
the
reactions
involving
P
in
solution
and
that
sorbed
on
the
surfaces
of
Fe,
A1
and
Ca
components
as
well
as
the
release
of
P
due
to
dissolution
of
fertilizer-soil
reaction
products.
Elucidation
of
the
composition
of
soil
organic
P
is
restricted
by
lack
of
extractants
capable
of
removing
organic
P
from
soils
in
a
relatively
unaltered
form
and
by
the
inadequacy
of
current
methods
for
mildly
degrading
extracted
organic
P—organic
matter
complexes.
Existing
data
indicate
that
most
of
the
organic
P
in
soils
is
associated,
in
an
ill-defined
manner,
with
the
humic
and
fulvic
acid
complex
of
soil
organic
matter
(Anderson,
1967).
Of
the
specific
forms
of
organic
P
that
have
been
identified
in
soils,
inositol
phosphates
are
present
in
largest
relative
amounts,
comprising
up
to
60%
of
the
total
organic
P
(Anderson,
1967;
Cosgrove,
1967;
McKercher,
1969).
Other
specific
organic
P
compounds
are
present
in
soil
in
much
lower
quantities:
nucleic
acids
account
for
5
to
10%,
and
other
phosphate
esters
such
as
phospholipids,
sugar
phosphates,
and
phosphoproteins
for
less
than
1
to
2%
(McKercher,
1969).
3.5.4.2
Sorption
of
Dissolved
P
by
Soils
The
sorption
of
dissolved
inorganic
P
by
soils
may
be
described
by
sorption
isotherms.
Numerous
workers
have
shown
that
sorption
may
be
described
by
some
of
the
adsorption
isotherms
developed
to
describe
gas
adsorption
by
solids
(Russell
and
Prescott,
1916;
Olsen
and
Watanabe,
1957;
Rennie
and
McKercher,
1959;
Syers
§£_
31;,
1
9
7
3
).
Similar
observations
have
been
made
for
the
sorption
of
inorganic
P
by
soil
components
such
as
kaolinite
and
s
h
o
r
t
-
r
a
n
g
e
—
o
r
d
e
r
Fe
a
n
d
A
l
oxides
and
hydrous
oxides
(Gastuche_g£
_§1;,
1963;
Muljadi
£
5
31;,
1966;
Kafkafi
st
.31;,
1967).
Although
these
studies
have
been
useful
in
describing
relationships
between
various
soils
and
soil
components
wi
t
h
respect
to
their
P
sorption
capacities,
they
have
provided
little
information
regarding
P
sorption
behavior
from
solutions
containing
the
low
dissolved
inorganic
P
concentrations
characteristic
of
most
soil-water
ecosystems,
largely
because
of
the
high
levels
of
added
P
used
(Ryden
3
5
a1.,
    
(1972b). Furthermore, Syers et 31; (1973) obtained two linear Langmuir
relationships which intersected at equilibrium P concentrations varying
from 1.5 to 3.2 pg P/ml in the equilibrium solution for three contrasting
soils; an observation whichprobably invalidates interpretations of P
sorption made from many previous studies were high levels of added P
were used.
The study of White and Beckett (1964), conducted at initial
dissolved inorganic P concentrations, comparable to those existing in
soil—water ecosystems, provides a useful basis for understanding the
inte
ract
ions
betw
een
aque
ous
and
part
icul
ate
phas
es o
f P
in r
unof
f an
d
stre
ams.
Whi
te
and
Bec
ket
t (
1964
) d
efi
ned
the
int
ers
ect
ion
of
the
P
sor
pti
on
iso
the
rm
and
the
abs
cis
sa,
the
"eq
uil
ibr
ium
pho
sph
ate
pot
ent
ial
"
(1/
2 p
Ca
+ s
zPO
A)
,
abb
rev
iat
ed
to
the
"eq
uil
ibr
ium
P
con
cen
tra
tio
n"
by
Tay
lor
and
Kun
ish
i (
197
1).
The
int
ers
ect
ion
is
equ
iva
len
t
to
the
ino
rga
nic
P c
onc
ent
rat
ion
in
the
amb
ien
t a
que
ous
pha
se
whe
n t
her
e
is
no
net
sor
pti
on
or
rel
eas
e
of
P,
i.e
.,
AP=
O.
Thi
s
is
a p
oin
t
of
ref
ere
nce
whi
ch
pro
vid
es
a p
red
ict
ive
est
ima
tio
n o
f
sor
pti
on
or
rel
eas
e
of
R s
hou
ld
the
P
co
nc
en
tr
at
io
n
in
so
lu
ti
on
cha
nge
.
Fur
th
er
mo
re
,
the
av
er
ag
e
sl
op
e
of
the
so
rp
ti
on
cur
ve
ove
r
a
gi
ve
n
fin
al
P
co
nc
en
tr
at
io
n
ran
ge
pr
ov
id
es
in
fo
rm
at
io
n
on
th
e
ab
il
it
y
of
th
e
so
il
to
ma
in
ta
in
th
e
P
co
nc
en
tr
at
io
n
of
th
e
eq
ui
li
br
iu
m
P
co
nc
en
tr
at
io
n.
Th
e
st
ee
pe
r
th
e
sl
op
e,
th
e
cl
os
er
wi
ll
th
e
fi
na
l
P
co
nc
en
tr
at
io
n
be
to
th
e
eq
ui
li
br
iu
m
P
co
nc
en
tr
at
io
n.
Th
e
sl
op
e
of
th
e
cu
rv
e,
al
th
ou
gh
no
t
re
la
te
d
to
to
ta
l
P
so
rb
ed
,
is
re
la
te
d
to
th
e
ex
te
nt
to
wh
ic
h
th
at
so
il
ma
y
so
rb
P
ov
er
th
e
co
nc
en
tr
at
io
n
ra
ng
e
co
ns
id
er
ed
.
Th
e
po
te
nt
ia
l
of
th
is
ap
pr
oa
ch
in
pr
ed
ic
ti
ng
th
e
ch
em
ic
al
mo
bi
li
ty
of
P
in
so
il
—w
at
er
ec
os
ys
te
ms
is
cl
ea
rl
y
ev
id
en
t
an
d
ha
s
be
en
us
ed
wi
th
re
ga
rd
to
st
re
am
s
by
Ta
yl
or
an
d
Ku
ni
sh
i
(1
97
1)
an
d
Ry
de
n_
gt
al
.
(1
97
2a
,
b)
fo
r
ru
ra
l
an
d
ur
ba
n
so
il
s,
re
sp
ec
ti
ve
ly
.
Th
e
de
so
rp
ti
on
of
so
rb
ed
P
is
no
t
as
si
mp
le
as
ma
y
be
in
fe
rr
ed
fr
om
th
e
so
rp
ti
on
-r
el
ea
se
re
la
ti
on
sh
ip
s
ob
ta
in
ed
by
Wh
it
e
an
d
Be
ck
et
t
(1
96
4)
.
In
fa
ct
ve
ry
fe
w
st
ud
ie
s
ha
ve
be
en
re
po
rt
ed
re
ga
rd
in
g
th
e
de
so
rp
ti
on
of
so
rb
ed
P.
Sy
er
s
er
a1
.
(1
97
0)
ob
se
rv
ed
th
at
,
fo
r
a
ra
ng
e
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of soils with widely differing P sorption properties, those which sorbed
the largest amounts of P desorbed the smallest percentages of that
sorbed during a subsequent desorption step. A similar relationship was
noted by Ryden gt al; (1972a). These studies, however, involved a
desorption step following sorption of P from solutions containing P
concentration in excess of those commonly found in soil-water ecosystems.
In studies involving the sorption of P by kaolinite from
solutions containing realistic inorganic P concentrations. Kafkafi_g£ .al;
(1967) observed that initially all the sorbed P was isotopically
exchangeable.
During a subsequent washing or desorption step, however,
a portion of the sorbed P became nonexchangeable, or "fixed", this
portion being dependent upon the amount of P sorbed, the number of
washings and the nature of the previous P sorption cycle.
P sorption
was represented by either one-step P sorption from a range of solutions
of different initial P concentration or by successive additions of small
amounts of dissolved inorganic P. Both these forms of P sorption, as
well as an effect analogous to washing, could
occur in soil-water
ecosystems.
Although the mechanisms involved in the retention of organic P
by soils have not been established fully, there is evidence that inositol
hexaphosphate,
and possibly other organic P compounds, are retained by
a precipitation rather than by a sorption reaction.
Nevertheless, removal
of dissolved organic P from solution appears to be a rapid process.
Pinck gt
a}; (1941) reported that many commonly occurring water-soluble
organic phosphates, e.g. salts of glycerophosphate, hexose diphosphate,
and nucleic acids, become non-extractable with water at almost the same
rate and as
completely as dissolved inorganic P.
The retention of
water-soluble organic P by sorption reactions may occur by at least
two basically
differentmechanisms
(Sommers 35
al;,
1972).
Goring and
Bartholomew
(1950) observed that removal of "free iron oxides" considerably
reduced the amount of fructose-l,
6—diphosphate sorbed by subsoil
material,
suggesting
that the
sorption of
organic
P may
occur
through
orthophosphate groups
by a similar mechanism to
that for
inorganic P.
-51-
 It
is
pos
sib
le
tha
t o
rga
nic
P c
an
be
ret
ain
ed
by
int
era
cti
on
of
the
org
ani
c m
oie
ty
of
the
pho
sph
ate
est
er
wit
h
ino
rga
nic
soi
l
com
pon
ent
s.
For
exa
mpl
e,
nuc
lei
c a
cid
s
and
nuc
leo
tid
es
are
pro
ton
ate
d
at
a p
H 5
(Jo
rda
n,
195
5)
and
co
ul
d
co
ns
eq
ue
nt
ly
be
re
ta
in
ed
on
cla
y
su
rf
ac
es
by
di
sp
la
ce
me
nt
of
ex
ch
an
ge
ab
le
ca
ti
on
s.
Fu
rt
he
rm
or
e,
ph
ys
ic
al
so
rp
ti
on
,
al
so
th
ro
ug
h
th
e
or
ga
ni
c
po
rt
io
n
of
th
e
mo
le
cu
le
,
is
po
ss
ib
le
,
pa
rt
ic
ul
ar
ly
if
the
mo
le
cu
la
r
we
ig
ht
of
the
co
mp
0u
nd
is
hig
h,
as
Su
gg
es
te
d
by
Greenland (1965).
by
va
n
de
r
Wa
al
s
an
d
io
n-
di
po
le
fo
rc
es
.
In
su
ch
ca
se
s
re
te
nt
io
n
is
we
ak
an
d
is
ac
co
mp
li
sh
ed
Greaves and Wilson (1969) have
im
pl
ic
at
ed
ph
ys
ic
al
ad
so
rp
ti
on
in
th
e
re
te
nt
io
n
of
nu
cl
ei
c
ac
id
s
by
mo
nt
mo
ri
ll
on
it
e.
It
is
al
so
po
ss
ib
le
th
at
re
te
nt
io
n
oc
cu
rs
in
di
re
ct
ly
th
ro
ug
h
ot
he
r
so
il
or
ga
ni
c
co
mp
ou
nd
s
su
ch
as
fu
lv
ic
an
d
hu
mi
c
ac
id
s
af
te
r
in
te
ra
ct
io
n
of
or
ga
ni
c
ph
os
ph
at
es
wi
th
th
es
e
sp
ec
ie
s
(M
ar
ti
n,
19
64
).
Th
e
de
so
rp
ti
on
of
so
rb
ed
or
ga
ni
c
P
ha
s
no
t
be
en
ex
te
ns
iv
el
y
st
ud
ie
d.
Th
e
hy
po
th
es
is
th
at
in
or
ga
ni
c
P
ad
de
d
to
so
il
s
di
sp
la
ce
s
so
rb
ed
or
ga
ni
c
P
to
so
lu
ti
on
(L
at
te
re
ll
35
al
;,
19
71
)
wa
s
no
t
su
pp
or
te
d
by
th
e
da
ta
pr
es
en
te
d
by
Wi
er
an
d
Bl
ac
k
(1
96
8)
.
Al
th
ou
gh
or
ga
ni
c
P
ma
y
be
le
ac
he
d
fr
om
so
il
s,
it
ap
pe
ar
s
th
at
a
la
rg
e
pr
op
or
ti
on
of
th
at
re
mo
ve
d
ma
y
no
t
be
in
a
di
ss
ol
ve
d
fo
rm
.
Af
te
r
in
cu
ba
ti
ng
su
cr
os
e
wi
th
am
mo
ni
um
ni
tr
at
e
in
th
e
up
pe
r
po
rt
io
n
of
a
ca
lc
ar
eo
us
so
il
,
Ha
na
pe
l
at
al
.
(1
96
4)
fo
un
d
th
at
mo
st
of
th
e
or
ga
ni
c
P
re
mo
ve
d
by
le
ac
hi
ng
wa
s
pr
es
en
t
in
a
pa
rt
ic
ul
at
e
ra
th
er
th
an
a
di
ss
ol
ve
d
fo
rm
.
3.
5.
4.
3
Ch
em
ic
al
As
pe
ct
s
of
P
in
Su
bs
ur
fa
ce
an
d
Gr
ou
nd
—W
at
er
Runoff
Lo
ss
es
of
P
in
su
bs
ur
fa
ce
an
d
gr
ou
nd
-w
at
er
ru
no
ff
ha
ve
be
en
c
o
n
s
i
d
e
r
e
d
m
i
n
i
m
a
l
in
th
e
pa
st
,
bu
t
as
d
i
s
c
u
s
s
e
d
in
s
e
c
t
i
o
n
3.
4
su
ch
l
o
s
s
e
s
ca
n
a
m
o
un
t
to
a
s
i
g
n
i
f
i
c
a
n
t
p
r
o
p
o
r
t
i
o
n
of
lo
ss
es
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
,
a
n
d
p
o
s
s
i
b
l
y
a
m
a
j
o
r
p
r
o
p
o
r
t
i
o
n
f
r
o
m
f
o
r
e
s
t
l
a
n
d
s
.
T
h
e
s
u
p
p
o
s
i
t
i
o
n
t
h
a
t
P
l
o
s
s
e
s
i
n
s
u
b
s
u
r
f
a
c
e
a
n
d
g
r
o
u
n
d
-
w
a
t
e
r
r
u
n
o
f
f
a
r
e
l
o
w
p
r
o
b
a
b
l
y
s
t
e
m
s
f
r
o
m
t
h
e
c
o
n
c
e
p
t
of
P
i
m
m
o
b
i
l
i
t
y
b
a
s
e
d
on
th
e
P
s
o
r
p
t
i
o
n
p
r
o
p
e
r
t
i
e
s
of
so
il
s
u
s
i
n
g
a
d
d
e
d
i
n
o
r
g
a
n
i
c
P
c
o
n
c
e
n
t
r
a
t
i
o
n
s
f
a
r
i
n
e
x
c
e
s
s
o
f
t
h
o
s
e
n
o
r
m
a
l
l
y
p
r
e
s
e
n
t
i
n
t
h
e
s
o
i
l
s
o
l
u
t
i
o
n
.
-52-
   
    
It
is
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int
ere
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to
not
e t
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y o
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n
con
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Pie
rre
and
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(19
27)
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ort
ed
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0.0
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50
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age
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0.0
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ml,
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l S
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t d
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s c
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d b
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d s
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he m
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USA,
wit
h a
n a
ver
age
of
0.1
80
Lg P
/ml;
the
fre
que
ncy
dis
tri
but
ion
of
the
val
ues
obt
ain
ed,
however, suggested a mode of between 0.040 and 0.060 ug P/ml.
As water percolates through the soil profile, there tends to
be a "chemical sieving" of dissolved inorganic P (Black, 1970). This
ari
ses
as
a r
esu
lt
of
the
sor
pti
on
of
ino
rga
nic
P b
y s
oil
com
pon
ent
s.
The
low
conc
entr
atio
ns o
f P
foun
d in
grou
nd-w
ater
runo
ff,
whic
h ha
s
experienced the maximum effects of deep percolation with concomitant
increase of contact with P-deficient particulates of the subsoil, are
undo
ubte
dly
a di
rect
resu
lt o
f th
e ch
emic
al s
ievi
ng e
ffec
t.
This
is
illu
stra
ted
by o
ther
data
pres
ente
d by
Barb
er 2
5 a
1;
(196
2).
For
the
same 87 soils mentioned previously, the average dissolved inorganic P
concentration at a depth of 46—61 cm (18 - 24 inches) was 0.089 pg/ml,
less than half that for the upper 0—15 cm (0 - 6 inches). A similar
effect is observed in reSults presented by Ryden st .31; (1972a) for the
P sorption properties of successive soil horizons of Miami silt loam.
The concentration of dissolved inorganic P in subsurface and
ground-water runoff will depend on the nature and amounts of P—retaining
components in the profile, the surface area exposed to percolating waters,
and the ease of percolation which affects the contact time of dissolved
inorganic P with the retaining components. In studies of P leaching through
columns of organic soils, in the laboratory, Larsen gt lglL (1958) observed
that P retention, measured by 32P autoradiographs, was closely correlated
with the total hydrous Fe and Al oxide ("sesquioxide") content. Similarly.
losses of P due to leaching through a deep silicious sandy soil were
-53..
  
demonstrated in W. Australia by Ozanne (1962). When 225 kg/ha (209 lb/ac)
of 32P—labelled superphosphate was broadcast during winter on a fallow
sandy soil, over 50% of the P had penetrated to more than 1 m (3 ft) below
the surface within 38 days, during which 230 mm (9 inches) rain had
fallen. Ozanne (1962) also demonstrated that the potentially large
losses of P to subsurface and ground-water runoff from sandy soil compared
to that from loamy soils were due to quantitative rather than qualitative
differences in P-retaining components.
Although major emphasis has been placed on P losses in surface
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particulate material from observations of dissolved inorganic P
concentrations in the Illinois River at Peoria Lake.
An evaluation of the possible effects of eroded soil materials
on the dissolved inorganic P concentrations of streams may be obtained
from P sorption studies (Taylor and Kunishi, 1971; Ryden gt 31;, 1972a, b).
It is essential, however, that conditions realistic of those existing
in streams are used if meaningful results are to be obtained (Ryden 25 a1;,
1972a). Widely differing interpretations can be made as solution:soil
ratios and initial P concentrations are changed from those conventionally
used in P sorption studies to those realistic in terms of the stream
environment. In an investigation of P sorption in a Miami silt loam
soil by Ryden £3 .31; (1972), the data suggested that inorganic P released
from the Al horizon, which contained a P fertilizer—soil reaction product,
would be largely resorbed by the noncalcareous Bl horizon and to some
extent by the calcareous 3C1 horizon, should the horizons erode together.
Sorption studies employing low initial added inorganic P concentrations
and a wide (400:1) solution:soil ratio indicated that the B1 horizon has
a much lower ability to remove dissolved inorganicP from solution than
expected, this being equal to or only slightly greater than that of the
3C1 horizons.
It was found (Ryden st ‘31:, 1972b) that the A1 and 3C1
mixtures were able to maintain lower dissolved inorganic P concentrations
than the Al and B1 mixtures.
The conditions used by Ryden_g£ _al; (1972a, b)
to predict the potential of eroding soils to modify the dissolved inorganic
P concentrations of streams gave results which were comparable to those
obtained in simulated stream systems using a solution:soil ratio of
lOOO:l.
This is equivalent to a sediment concentration of 1000 mg/l,
which lies well within the range of values cited by Guy and Ferguson
(1970) and Johnson and Moldenhauer (1970).
The P sorption studies reported by Taylor and Kunishi (1971)
and Ryden gt
3;; (19723, b) involved closed systems, i.e., soil in
contact with the same aqueous phase.
This may be justified on the grounds
that the wash load of a stream travels at the same velocity as the water
in which
it is
suspended
(Johnson
and Moldenhauer,
1970)
as discussed
previously.
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f
o
r
e
s
t
i
m
a
t
i
n
g
t
h
e
p
o
t
e
n
t
i
a
l
o
f
v
a
r
i
o
u
s
f
o
r
m
s
of
u
r
b
a
n
d
e
t
r
i
t
a
l
m
a
t
e
r
i
a
l
to
i
n
f
l
u
e
n
c
e
t
h
e
d
i
s
s
o
l
v
e
d
i
n
o
r
g
a
n
i
c
P
c
o
n
c
e
n
—
t
r
a
t
i
o
n
s
of
s
u
r
f
a
c
e
ru
no
ff
.
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One
dif
fus
e
sou
rce
of
con
sid
era
ble
imp
ort
anc
e
is
the
lea
cha
te
fro
m
lea
ves
,
par
tic
ula
rly
dur
ing
the
aut
umn
.
An
app
rec
iab
le
per
cen
tag
e
of
the
tot
al
P
in
lea
f
tis
sue
may
be
in
a w
ate
r—s
olu
ble
for
m.
Ash
lea
ves
may
con
tai
n 6
1.5
% o
f t
ota
l P
as
wat
er—
sol
ubl
e i
nor
gai
c P
(Ny
kvi
st,
195
9).
Cow
en
and
Lee
(19
72)
obs
erv
ed
tha
t
44
and
120
pg
sol
ubl
e
ino
rga
nic
P p
er
g a
ir—
dry
wei
ght
of
fal
len
oak
and
pop
lar
lea
ves
,
res
pec
tiv
ely
,
cou
ld
be
lea
che
d
by
1 l
ite
r
of
dis
til
led
wat
er
per
col
ati
ng
at
a r
ate
of
8.4
ml/
min
.
Gre
ate
r
amO
unt
s
of
P w
ere
rel
eas
ed
fro
m o
ak
lea
ves
dur
ing
con
sec
uti
ve
lea
chi
ng
cyc
les
,
and
aft
er
fra
gme
nta
tio
n
of
who
le
lea
ves
.
Sim
ila
r
exp
eri
men
ts
wer
e
con
duc
ted
by
Tim
mon
s £
5
.31
;
(19
70)
usi
ng
agr
icu
ltu
ral
cro
p r
esi
due
s.
The
se
wer
e
lea
che
d
in
a f
res
h c
ond
iti
on
and
aft
er
dyr
ing
, a
nd
fre
ezi
ng
and
tha
win
g c
ycl
es.
The
dat
a s
ugg
est
tha
t t
he
lea
chi
ng
of
cro
p r
esi
due
s i
s m
ost
lik
ely
to
con
tri
but
e t
o t
he
dis
sol
ved
ino
rga
nic
P c
onc
ent
rat
ion
of
str
eam
s d
uri
ng
spr
ing
tha
w w
hen
,
aft
er
num
ero
us
fre
ezi
ng
and
tha
win
g c
ycl
es,
the
res
idu
es
wil
l b
e c
arr
ied
ove
r f
roz
en
gro
und
in
sur
fac
e r
uno
ff.
Whe
n g
rea
ter
inf
ilt
rat
ion
can
occ
ur,
a p
ort
ion
of
the
lea
che
d P
may
be
ret
ain
ed
in
the
soi
l d
ue
to
sorption.
Lit
tle
is
kno
wn
of
the
che
mis
try
of
str
eam
—be
d
sed
ime
nt
alt
hou
gh
it
is
con
cei
vab
le
tha
t i
t i
s s
imi
lar
to
tha
t o
f t
he
sub
soi
l o
f t
he
sur
rou
ndi
ng
are
a (
Tayl
or
and
Kuni
shi
, 1
971)
.
Con
seq
uen
tly
, P
sor
pti
on
stu
die
s u
sin
g s
ubs
oil
mat
eri
al
may
pro
vid
e s
ome
inf
orm
ati
on
on
the
rol
e
of
str
eam
—be
d s
edi
men
t i
n r
egu
lat
ing
the
dis
sol
ved
ino
rga
nic
P c
onc
ent
rat
ion
due
to
its
sus
pen
sio
n d
uri
ng
tur
bul
enc
e.
Thi
s w
oul
d b
e p
art
icu
lar
ly
tru
e
in w
ate
rsh
eds
, w
ith
lit
tle
con
tri
but
ion
to
str
eam
-be
d s
edi
men
t a
s a
res
ult
of
sur
fac
e r
uno
ff.
In
wat
ers
hed
s w
her
e s
urf
ace
run
off
is
a r
egu
lar
occ
urr
enc
e,
how
eve
r,
str
eam
-be
d s
edi
men
t i
s e
xpe
cte
d t
o h
ave
a s
ign
ifi
can
t c
ont
rib
uti
on
fro
m s
urf
ace
hor
izo
n s
oil
mat
eri
al,
and
the
lat
ter
cou
ld
con
tri
but
e t
o
base flow concentration of inorganic P.
Car
e s
hou
ld
be
tak
en,
how
eve
r,
in
the
ext
ens
ion
of
the
P s
orp
tio
n
prop
erti
es o
f fi
eld
soil
s to
stre
am-b
ed s
edim
ent.
Hsu
(196
4) o
bser
ved
that
the
amo
unt
of
ino
rga
nic
P s
orb
ed
by
soil
aft
er
sto
rag
e f
or
1 y
ear
in a continuously wet condition, increased from 69 to 99 pg P/g soil.
-57-
 
 “
m
,
a
.
»
 
Th
e
in
cr
ea
se
d
so
rp
ti
on
wa
s
at
tr
ib
ut
ed
to
re
le
as
e
of
Fe
to
so
lu
ti
on
fr
om
cr
ys
ta
ll
in
e
ph
as
es
du
e
to
th
e
de
ve
lo
pm
en
t
of
lo
ca
li
ze
d
re
du
ci
ng
co
nd
it
io
ns
du
ri
ng
st
or
ag
e,
an
d
re
pr
ec
ip
it
at
io
n
of
"f
er
ri
c
hy
dr
ox
id
e”
on
co
nt
ac
t
wi
th
mo
re
ae
ro
bi
c
co
nd
it
io
ns
.
Th
e
re
do
x
st
at
us
of
st
re
am
—b
ed
se
di
me
nt
s
do
es
no
t
ap
pe
ar
to
ha
ve
be
en
st
ud
ie
d,
bu
t
it
is
re
as
on
ab
le
to
su
gg
es
t
th
at
re
du
ct
io
n
oc
cu
rs
at
de
pt
h
in
th
e
se
di
me
nt
wi
th
th
e
po
ss
ib
il
it
y
of
cr
ys
ta
ll
in
e
fe
rr
ic
co
mp
on
en
ts
be
in
g
tr
an
sf
or
me
d
to
sh
or
t-
ra
ng
e-
or
de
r
fe
rr
ou
s
fo
rm
s.
Th
e
im
po
rt
an
ce
of
sh
or
t—
ra
ng
e—
or
de
r
ox
id
es
an
d
hy
dr
ou
s
ox
id
es
of
Fe
in
th
e
so
rp
ti
on
of
in
or
ga
ni
c
P
ha
s
al
re
ad
y
be
en
di
sc
us
se
d.
Th
e
po
ss
ib
le
tr
an
sf
or
ma
ti
on
of
Fe
fr
om
cr
ys
ta
ll
in
e
to
sh
or
t—
ra
ng
e—
or
de
r
fo
rm
s
re
pr
es
en
ts
th
e
fi
rs
t
st
ag
e
of
th
e
mo
re
ag
gr
es
si
ve
tr
an
sf
or
ma
ti
on
s
wh
ic
h
oc
cu
r
in
la
ke
se
di
me
nt
s
un
de
r
an
ae
ro
bi
c
co
nd
it
io
ns
(S
hu
kl
a
g£
_
31
;)
1971).
Th
e
ob
se
rv
at
io
n
of
Ka
fk
af
i
gt
a
}
;
(1
96
7)
th
at
th
e
wa
sh
in
g
of
ka
ol
in
it
e,
on
wh
ic
h
P
ha
d
be
en
so
rb
ed
,
pr
od
uc
es
a
"p
oo
l"
of
no
ne
xc
ha
ng
ea
bl
e
P
is
al
so
of
di
re
ct
re
le
va
nc
e
to
th
e
dy
na
mi
cs
of
P
in
st
re
am
-b
ed
se
di
me
nt
s,
as
su
mi
ng
a
si
mi
la
r
ef
fe
ct
oc
cu
rs
.
St
re
am
—b
ed
sa
di
me
nt
wi
th
as
so
ci
at
ed
so
rb
ed
P
co
ul
d
un
de
rg
o
a
se
ri
es
of
st
ep
s
eq
ui
va
le
nt
to
se
qu
en
ti
al
wa
sh
in
g
du
e
to
re
su
sp
en
si
on
an
d
se
tt
li
ng
as
a
re
su
lt
of
mi
no
r
tu
rb
ul
en
ce
.
Th
e
ob
se
rv
at
io
ns
of
Ka
fk
af
i
e
t
‘3
1;
(1
96
7)
su
gg
es
t
th
at
so
rb
ed
P
co
ul
d
be
co
me
p
r
o
g
r
e
s
s
i
v
e
l
y
le
ss
e
x
c
h
a
n
g
e
a
b
l
e
an
d
m
a
y
c
o
n
s
t
i
t
u
t
e
an
e
s
s
e
n
t
i
a
l
l
y
p
e
r
m
a
n
e
n
t
r
e
m
o
va
l
of
d
i
s
s
o
l
v
e
d
i
n
o
r
g
a
n
i
c
P
f
r
o
m
st
re
am
s.
W
h
e
n
s
t
r
e
a
m
—
b
e
d
s
e
d
i
m
e
n
t
c
o
n
t
a
i
n
s
e
r
o
d
e
d
f
e
r
t
i
l
i
z
e
d
s
o
i
l
m
a
t
e
r
i
a
l
s
,
h
o
we
ve
r
,
a
d
i
f
f
e
r
e
n
t
s
i
t
u
a
t
i
o
n
m
a
y
pr
ev
ai
l.
R
y
d
e
n
St
“
a
l
;
(1
97
2a
)
s
h
o
we
d
th
at
r
e
l
e
a
s
e
of
P
f
r
o
m
a
s
ur
f
a
c
e
so
il
h
o
r
i
z
o
n
by
r
e
p
e
a
t
e
d
w
a
s
h
i
n
g
w
i
t
h
P
-
f
r
e
e
0
.
1
5
N
a
C
l
i
n
i
t
i
a
l
l
y
f
o
l
l
o
we
d
f
i
r
s
t
o
r
d
e
r
k
i
n
e
t
i
c
s
,
s
u
g
g
e
s
t
i
n
g
t
h
a
t
r
e
l
e
a
s
e
w
a
s
d
u
e
to
t
h
e
d
i
s
s
o
l
u
t
i
o
n
of
s
o
l
i
d
p
h
a
s
e
P,
p
r
o
b
a
b
l
y
a
f
e
r
t
i
l
i
z
e
r
—
s
o
i
l
r
e
a
c
t
i
o
n
p
r
o
d
u
c
t
.
3
.
5
.
4
.
5
F
o
r
m
s
o
f
P
i
n
R
u
n
o
f
f
a
n
d
S
t
r
e
a
m
s 1
i
I
n
m
a
n
y
s
t
u
d
i
e
s
c
o
n
c
e
r
n
e
d
w
i
t
h
v
a
r
i
o
u
s
a
s
p
e
c
t
s
o
f
P
i
n
r
u
n
o
f
f
a
n
d
s
t
r
e
a
m
s
t
h
e
r
e
h
a
s
b
e
e
n
a
t
e
n
d
e
n
c
y
t
o
m
e
a
s
u
r
e
t
o
t
a
l
P.
T
h
e
m
e
a
s
u
r
e
m
e
n
t
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of total P discharged by streams does not provide any indication of the
amounts of P available for aquatic plant growth. Consequently, the
form
s of
P me
asur
ed i
n st
ream
s th
at e
nter
a la
ke o
r re
serv
oir
are
of
direct importance in assessing the impact of runoff—and stream—derived
P on a body of standing water. Dissolved inorganic P is one of the
obvious choicesbecause this form of P is directly available for
biological utilization. Objections to the measurement of dissolved
inorganic P, as is conventionally determined, have been raised by Frink
(1971) on the basis that distinction between dissolved and particulate
forms is based on filtration through a 0.45 1m filter. Although it is
possible that filtration does not strictly differentiate between dissolved
and particulate P, it provides a more realistic measure in terms of the
effects of runoff—and stream-derived P on the biological productivity of
standing waters than the measurement of total P.
Vollenweider (1968) has also pointed out the necessity of
distinguishing between total P and dissolved forms of P because it is
possible that P exports from some watersheds occur mainly in biologically
unavailable forms, Such as apatite. He notes that P exports from the
Alpine portion of the Rhine Basin amount to 1.45 kg/ha/yr (1.29 lbs/ac/yr).
As this is mainly in the form of apatite, however, the contribution of
biologically available P to Lake Constance is relatively small. In other
regions it appears that a high proportion of particulate inorganic P in
streams draining urban and rural watersheds may in fact be apatite. Eroding
urban soils in the Lake Mendota watershed, Wisconsin, contain between 6
and 80% of the total inorganic P as apatite, with amounts exceeding 50%
in the lower B and C horizons (Ryden and Syers, unpublished data). For
the same soil materials, Sagher and Harris (1972) observed that algal
cultures suffered P starvation when the sole P source in the growth
medium was C horizon material, indicating the very low biological
availability of the P present in apatite.
Chemical fractionation schemes have beenused to determine the
forms of inorganic P in soils. These schemes evolved from the observations
of Chang and Jackson (1957) that certain chemical reagents were able to
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so
lu
bi
li
ze
in
or
ga
ni
c
P
co
nt
ai
ne
d
in
va
ri
ou
s
sy
nt
he
ti
c
ph
os
ph
at
es
an
d
ph
os
ph
at
e
mi
ne
ra
ls
.
Re
ce
nt
wo
rk
er
s
(B
ro
mf
ie
ld
,
19
67
;
Wi
ll
ia
ms
gt
al
L,
19
71
a,
b;
Sy
er
s_
e£
_a
1.
,
19
72
)
ha
ve
qu
es
ti
on
ed
th
e
va
li
di
ty
of
th
e
se
pa
ra
ti
on
of
in
or
ga
ni
c
P
in
to
Al
-,
Fe
—,
th
e
Ca
-b
ou
nd
fo
rm
s,
as
pr
op
os
ed
by
Ch
an
g
an
d
Ja
ck
so
n
(1
95
7)
.
Pr
ov
id
in
g
th
at
th
e
pr
ob
le
ms
in
he
re
nt
in
in
or
ga
ni
c
P
fr
ac
ti
on
at
io
n
sc
he
me
s
ar
e
re
co
gn
iz
ed
,
us
ef
ul
in
te
rp
re
ta
ti
on
s
ma
y
be
dr
aw
n
fr
om
th
e
da
ta
ob
ta
in
ed
.
Th
e
fo
rm
of
pa
rt
ic
ul
at
e
in
or
ga
ni
c
P
wh
ic
h
is
ex
pe
ct
ed
to
ha
ve
th
e
gr
ea
te
st
po
te
nt
ia
l
im
pa
ct
on
th
e
bi
ol
og
ic
al
pr
od
uc
ti
vi
ty
of
st
an
di
ng
wa
te
rs
is
th
at
wh
ic
h
is
no
n—
oc
cl
ud
ed
.
Pa
rt
of
th
e
no
n—
oc
cl
ud
ed
in
or
ga
ni
c
P
as
so
ci
at
ed
wi
th
fe
rr
ic
co
mp
on
en
ts
is
re
le
as
ed
in
to
so
lu
ti
on
wh
en
an
ae
ro
bi
c
co
nd
it
io
ns
de
ve
lo
p
su
bs
eq
ue
nt
to
se
di
me
nt
at
io
n.
Ap
pr
op
ri
at
e
in
or
ga
ni
c
P
fr
ac
ti
on
at
io
n
sc
he
me
s
ap
pl
ie
d
to
su
sp
en
de
d
st
re
am
se
di
me
nt
s
ma
y
pr
ov
id
e
a
mo
re
me
an
in
gf
ul
me
as
ur
e
of
th
e
fo
rm
s
an
d
am
ou
nt
s
of
pa
rt
ic
ul
at
e
in
or
ga
ni
c
P
ca
rr
ie
d
in
st
re
am
s.
As
po
in
te
d
ou
t
by
Ta
yl
or
3
3
_a
l;
(1
97
1)
,
su
sp
en
de
d
se
di
me
nt
co
nc
en
tr
at
io
ns
ar
e
fr
eq
ue
nt
ly
no
t
hi
gh
en
ou
gh
to
pr
ov
id
e
ad
eq
ua
te
am
ou
nt
s
of
ma
te
ri
al
in
a
ma
na
ge
ab
le
vo
lu
me
of
wa
te
r.
Ev
al
ua
ti
on
of
th
e
fo
rm
s
of
P
in
so
il
ma
te
ri
al
s
wh
ic
h
ar
e
kn
ow
n
to
be
tr
an
sp
or
te
d
to
st
re
am
s
in
su
rf
ac
e
ru
no
ff
 
ma
y
ov
er
co
me
th
is
pr
ob
le
m
to
so
me
ex
te
nt
.
In
th
e
ca
se
of
er
od
in
g
so
il
ma
te
ri
al
s,
th
e
in
or
ga
ni
c
P
fr
ac
ti
on
at
io
n
sc
he
me
s
sh
ou
ld
no
tb
e
ap
pl
ie
d
to
th
e
wh
ol
e
so
il
,
du
e
to
th
e
E.
R.
ef
fe
ct
re
su
lt
in
g
fr
om
er
os
io
n.
Wa
te
r—
di
sp
er
se
d
pa
rt
ic
le
si
ze
se
pa
ra
te
s
sh
ou
ld
be
us
ed
.
In
sp
it
e
of
th
e
po
ss
ib
le
er
ro
rs
in
vo
lv
ed
in
a
di
ss
ol
ve
d-
pa
rt
ic
ul
at
e
P
sp
li
t
ba
se
d
on
fi
lt
er
po
re
si
ze
,
it
se
em
s
th
at
in
th
e
ma
jo
ri
ty
of
ca
se
s
th
e
mo
st
me
an
in
gf
ul
an
d
us
ef
ul
me
as
ur
em
en
ts
of
P
in
ru
no
ff
ar
e
di
ss
ol
ve
d
fo
rm
s,
pa
rt
ic
ul
ar
ly
di
ss
ol
ve
d
in
or
ga
ni
c
P.
Fr
eq
ue
nt
ly
di
ss
ol
ve
d
fo
rm
s
of
P
ac
co
un
t
fo
r
a
ma
jo
r
pe
rc
en
ta
ge
of
to
ta
l
P
(S
yl
ve
s
te
r,
19
61
;
S
u
l
l
i
v
a
n
an
d
H
ul
l
i
n
g
e
r
,
19
69
),
w
h
e
r
e
a
s
d
i
s
s
o
l
v
e
d
in
or
ga
ni
c
P
in
ma
ny
ca
se
s
co
ns
ti
tu
te
s
a
ma
jo
r
pr
op
or
ti
on
of
th
e
to
ta
l
d
i
s
s
o
l
v
e
d
P.
It
s
h
o
ul
d
b
e
n
o
t
e
d
t
h
a
t
d
r
a
m
a
t
i
c
c
h
a
n
g
e
s
c
a
n
o
c
c
u
r
in
th
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
d
i
s
s
o
l
v
e
d
i
n
o
r
g
a
n
i
c
P
a
n
d
o
t
h
e
r
P
f
r
a
c
t
i
o
n
s
a
f
t
e
r
s
a
m
p
l
e
c
o
l
l
e
c
t
i
o
n
,
e
ve
n
a
f
t
e
r
on
ly
a
s
h
o
r
t
p
e
r
i
o
d
of
ti
me
.
In
s
o
m
e
c
a
s
e
s
w
h
e
n
s
a
m
p
l
e
s
a
r
e
n
o
t
a
n
a
l
y
z
e
d
i
m
m
e
d
i
a
t
e
l
y
a
f
t
e
r
c
o
l
l
e
c
t
i
o
n
,
t
h
e
o
n
l
y
v
a
l
i
d
P
p
a
r
a
m
e
t
e
r
t
h
a
t
c
a
n
b
e
m
e
a
s
u
r
e
d
i
s
t
o
t
a
l
P.
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3.
5.
5
Ch
em
ic
al
Fa
ct
or
s
Af
fe
ct
in
g
th
e
Mo
bi
li
ty
of
N
3.5.5.1 Nature of Soil N
Mo
st
of
the
N
in
so
il
s
(pe
rha
ps
mo
re
th
an
95%
of
the
to
ta
l
N)
is
bo
un
d
in
or
ga
ni
c
fo
rm
s
(B
ig
ga
r
an
d
Co
re
y,
19
69
;
Ba
rt
ho
lo
me
w
an
d
Cl
ar
k;
19
56
;
Ke
en
ey
,
19
70
).
Th
e
or
ga
ni
c
N
co
ns
is
ts
of
th
e
bi
ol
og
ic
al
ly
im
po
rt
an
t
ni
tr
og
en
ou
s
co
mp
ou
nd
s
(e.
g.
pr
ot
ei
ns
)
an
d
N
co
nt
ai
ne
d
in
hu
mi
c
ma
tt
er
.
Am
in
o
ac
id
N
(i
nc
lu
di
ng
pr
ot
ei
ns
)
ac
co
un
ts
for
20
to
50%
of
the
or
ga
ni
c
N.
Ab
ou
t
4
to
10%
of
the
or
ga
ni
c
N
oc
cu
rs
in
am
in
o
sug
ars
.
A
wi
de
ra
ng
e
of
ot
he
r
na
tu
ra
ll
y
oc
cu
rr
in
g
co
mp
ou
nd
s
ha
ve
be
en
fou
nd,
bu
t
th
es
e
co
mp
ou
nd
s
ac
co
un
t
for
on
ly
ab
ou
t
1
to
2%
of
the
to
ta
l
or
ga
ni
c
N.
Co
ns
eq
ue
nt
ly
,
ab
ou
t
on
e-
ha
lf
of
the
or
ga
ni
c
N
ca
n
no
t
be
ac
co
un
te
d
for
in
kno
wn
bio
log
ica
l c
omp
oun
ds.
App
are
ntl
y,
dur
ing
che
mic
al
and
mic
rob
ial
tra
nsf
orm
ati
ons
of
soi
l o
rga
nic
mat
ter
,
mic
rob
ial
ly
syn
the
siz
ed
pro
duc
ts
are
con
ver
ted
to
mor
e s
tab
le
hum
ic
for
ms,
inc
lud
ing
hum
ic
and
fulvic acids.
The
mai
n f
orm
s
of
ino
rga
nic
N i
n
soi
ls
are
NH4
+
and
N03
—,
bot
h
of
whi
ch
are
ava
ila
ble
to
pla
nts
.
Sma
ll
amo
unt
s o
f N
02“
are
som
eti
mes
pre
sen
t.
The
N03
-
ion
sho
ws
lit
tle
ten
den
cy
for
sor
pti
on
ont
o s
oil
par
tic
les
whi
le
N114
+ i
s h
eld
as
an
exc
han
gea
ble
ion
on
soi
l c
ati
on
exc
han
ge
sit
es.
Soi
ls
als
o r
eta
in
som
e N
H4+
wit
hin
cla
y l
att
ice
s.
Thi
s
cla
y-f
ixe
d N
H4+
is
rel
ati
vel
y u
nav
ail
abl
e t
o p
lan
ts
and
mic
roo
rga
nis
ms.
The
amo
unt
s
of
NH4
—N
and
N03
-N
pre
sen
t
in
a s
oil
at
a g
ive
n
tim
e g
ene
ral
ly
rep
res
ent
les
s t
han
0.1
% o
f
the
N i
n
the
soi
l.
How
eve
r,
org
ani
c
N
is
con
ver
ted
slo
wly
to
NH4
-N
and
sub
seq
uen
tly
to
N03
-N
thr
oug
h m
icr
obi
al
proces SES .
3.
5.
5.
2
Tr
an
sf
or
ma
ti
on
s
an
d
Mo
bi
li
ty
of
So
il
N1
The
pre
dom
ina
nt
sto
rag
e
res
erv
oir
of
N
in
soi
ls
is
the
org
ani
c
mat
ter
.
Add
ed
pla
nt
and
ani
mal
deb
ris
are
att
ack
ed
rea
dil
y b
y h
ete
rot
rop
hic
mic
roo
rga
nis
ms
wit
h s
ome
of
the
N b
ein
g a
dde
d t
o t
he
org
ani
c m
att
er
1Based on the review of Keeney (1970).
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re
se
rv
e,
an
d
so
me
be
in
g
li
be
ra
te
d
as
in
or
ga
ni
c
(p
re
do
mi
na
nt
ly
NH
4+
)
wa
st
e
pr
od
uc
ts
.
De
pe
nd
in
g
on
th
e
su
pp
ly
of
av
ai
la
bl
e
en
er
gy
(c
ar
bo
n)
,
in
or
ga
ni
c
N
ca
n b
e
im
mo
bi
li
ze
d
in
mi
cr
ob
ia
l
ti
ss
ue
wh
ic
h
co
nt
in
ua
ll
y
ad
ds
to
th
e
su
pp
ly
of
or
ga
ni
c
ma
tt
er
.
Co
nc
ur
re
nt
ly
,
so
il
or
ga
ni
c
ma
tt
er
is
co
nt
in
ua
ll
y
de
pl
et
ed
th
ro
ug
h
mi
cr
ob
ia
l
br
ea
kd
ow
n.
Th
e
dy
na
mi
c
na
tu
re
of
ni
tr
og
en
tu
rn
ov
er
in
so
il
s
do
es
no
t
at
fi
rs
t
ap
pe
ar
to
be
co
ns
is
te
nt
wi
th
th
e
re
la
ti
ve
st
ab
il
it
y
of
so
il
or
ga
ni
c
ni
tr
og
en
.
In
so
il
s,
on
ly
ab
ou
t
1
to
3%
of
th
e
or
ga
ni
c
N
is
av
ai
la
bl
e
fo
r
pl
an
t
up
ta
ke
in
a
gr
ow
in
g
se
as
on
(B
re
mn
er
,
19
67
).
Th
e
st
ab
il
it
y
of
or
ga
ni
c
N
in
so
il
s
is
ge
ne
ra
ll
y
at
tr
ib
ut
ed
to
fo
rm
at
io
n
of
he
rt
er
oc
yc
li
c
N
co
mp
ou
nd
s,
cl
ay
—o
rg
an
ic
ma
tt
er
co
mp
le
xe
s
wh
ic
h
ar
e
re
si
st
an
t
to
mi
cr
ob
ia
l
at
ta
ck
,
an
d
to
la
ck
of
su
ff
ic
ie
nt
ca
rb
on
ac
eo
us
en
er
gy
ma
te
ri
al
fo
r
co
mp
le
te
br
ea
kd
ow
n
(B
re
mn
er
,
1967).
Th
e
pr
oc
es
se
s
le
ad
in
g
to
fo
rm
at
io
n
of
N0
3“
by
mi
cr
ob
ia
l
ac
ti
on
in
so
il
s
an
d
wa
te
rs
ca
n
be
gr
ou
pe
d
co
nv
en
ie
nt
ly
in
to
am
mo
ni
fi
ca
ti
on
an
d
ni
tr
if
ic
ia
ti
on
re
ac
ti
on
s
(D
el
wi
ch
e,
19
70
).
Am
mo
ni
fi
ca
ti
on
(o
rg
an
ic
N
to
NH
4+
)
is
co
nd
uc
te
d
by
nu
me
ro
us
he
te
ro
tr
op
hs
un
de
r
a
wi
de
di
ve
rs
it
y
of
en
vi
ro
nm
en
ta
l
(p
H,
te
mp
er
at
ur
e,
mo
is
tu
re
)
co
nd
it
io
ns
(B
ar
th
ol
om
ew
,
19
65
;
Ca
mp
be
ll
an
d
Le
es
,
19
67
).
Wi
th
fe
w
ex
ce
pt
io
ns
,
ni
tr
if
ic
at
io
n
(N
H4
+
to
N0
2-
to
NO
3_
)
is
ca
rr
ie
d
ou
t
by
st
ri
ct
ch
em
oa
ut
ot
ro
ph
s.
Al
th
ou
gh
se
ve
ra
l
he
te
ro
tr
op
hi
c
ni
tr
if
ie
rs
ha
ve
be
en
id
en
ti
fi
ed
,
th
ei
r
im
po
rt
an
ce
in
th
e
ni
tr
if
ic
at
io
n
pr
oc
es
s
is
be
li
ev
ed
to
be
mi
ni
ma
l
ex
ce
pt
in
or
ga
ni
c-
ri
ch
en
vi
ro
nm
en
ts
su
ch
as
co
mp
os
ts
an
d
ma
nu
re
pi
le
s.
Be
ca
us
e
of
it
s
ag
ro
no
mi
c
im
po
rt
an
ce
,
th
e
ni
tr
if
ic
at
io
n
pr
oc
es
s
ha
s
be
en
st
ud
ie
d
wi
de
ly
an
d
re
vi
ew
ed
ex
te
ns
iv
el
y
(Q
ua
st
el
an
d
Sc
ho
le
fi
el
d,
19
51
;
Ca
mp
be
ll
an
d
Le
es
,
19
67
;
Ke
en
ey
an
d
Ga
rd
ne
r,
19
70
).
In
co
nt
ra
st
to
am
mo
ni
fi
ca
ti
on
,
ni
tr
if
ic
at
io
n
is
ea
si
ly
in
hi
bi
te
d
by
un
fa
vo
ra
bl
e
co
nd
it
io
ns
.
Op
ti
ma
l
ni
tr
if
ic
at
io
n
oc
cu
rs
at
pH
va
lu
es
ne
ar
7
an
d
in
th
e
pr
es
en
ce
of
ad
eq
ua
te
ox
yg
en
.
Th
e
ni
tr
if
ic
at
io
n
ra
te
in
cr
ea
se
s
wi
th
te
mp
er
at
ur
e
to
35
C,
bu
t
is
in
hi
bi
te
d
co
mp
le
te
ly
at
gr
ea
te
r
th
an
40
C.
Fo
rm
at
io
n
of
N0
2_
fr
om
N
H
4
+
(
N
i
t
r
o
s
o
m
o
n
a
s
sp
p.
)
ca
n
be
i
n
h
i
b
i
t
e
d
by
n
u
m
e
r
o
u
s
o
r
g
a
n
i
c
a
n
d
i
n
o
r
g
a
n
i
c
c
o
m
p
0
un
d
s
.
O
x
i
d
a
t
i
o
n
of
N
0
2
—
to
N
0
3
‘
(
N
i
t
r
o
b
a
c
t
e
r
sp
p.
)
ca
n
be
in
hi
bi
te
d
by
th
e
hi
gh
pH
—f
re
e
NH
4+
co
nd
it
io
ns
oc
cu
rr
in
g
in
th
e
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area
arou
nd u
rea
or a
nhyd
rous
ammo
nia
fert
iliz
er b
ands
givi
ng r
ise
to
phy
tot
oxi
c N
Oz'
acc
umu
lat
ion
in
some
alk
ali
ne
soil
s f
oll
owi
ng
N
fertilization.
The
sal
ts
of
NO3
' a
re
wat
er
sol
ubl
e a
nd
nit
rat
e d
oes
not
rea
ct
to a
ny g
reat
exte
nt c
hemi
call
y or
phys
ical
ly w
ith
soil
cons
titu
ents
to
form
inso
lubl
e pr
oduc
ts.
As a
resu
lt,
N03"
in s
oils
is r
eadi
ly a
vail
able
for
plan
t up
take
or l
oss
to g
roun
d wa
ters
by l
each
ing.
It i
s th
is u
niqu
e
prop
erty
of N
O3',
coup
led
with
its
toxi
colo
gica
l an
d nu
trie
nt p
rope
rtie
s,
that make it of such concern.
The process of denitrification (reduction of N03" or N02-
to elemental N and N oxides) provides the major pathway whereby N
is cycled back into the atmosphere. Denitrification can occur by two
distinct pathways. Biological denitrification occurs when oxygen
tensions reach very low levels (through flooding of soils and utilization
of oxygen by decomposition of organic matter) and the heterotrophic
microorganisms must utilize other electron acceptors. With few exceptions,
carbonaceous material must be present to provide sufficient energy
(Broadbent and Clark, 1965). In acid soils and waters, N02‘ is extremely
unstable and decomposes to yield N03” and gaseous N oxides, or reacts
with soil constituents with the fixation of N in organic matter and
formation of N oxides (Bremner and Nelson, 1968; Brodbent and Clark, 1965).
These latter reactions have been termed "chemo denitrification" as they
do not involve microbial transformations directly and can occur in
arable soils. The importance of denitrification reactions in soils and
waters cannot be overstated, and these complex and poorly understood
reactions must be evaluated to enable recommendations to be made on methods
of biological N03 removal from soils and waters as well as N fertilizer
rates.
A point worthy of emphasis in the N cycle is that once N enters
the soils from any source, its identity is lost because of the complex
series of transformations it may undergo. Thus, investigations which
attempt to pinpoint sources of N03" polluting water supplies are
particularly difficult and, unless properly conducted, subject to many
errors (Keeney, 1970).
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3.5.5.3 N in Surface Runoff, Streams, and Stream Bed Sediments
Surface runoff occurs whenever the rate of precipitation
exceeds the rate of infiltration (Keeney and Walsh, 1972). Soil
texture, slope, moisture content, physical character of the surface,
soil and water conservation practices, and vegetative cover affect the
infiltration rate. Infiltration is usually quite rapid with coarse-
textured sandy soils and with well—aggregated, fine-texturedsoils
having large pores and no impervious Subsoil layers. The energy
associated with the impact of falling raindrops is an important factor
in the breakdown of soil aggregates, increasing runoff. Any cover,
vegetative or mulch, that absorbs raindrop impact tends to protect the
soil structure at the surface and thus promote infiltration.
The high water solubility of N03- and NH4+ tends to favor
movement of these ions into the soil before runoff occurs (Bailey, 1968;
Armstrong and Rohlich, 1970; Biggar and Corey, 1969). Under some
conditions, the concentrations of NO3-N and NH4—N in runoff may be
lower than that in rain water. However, Timmons 25' 31; (1970) noted
that leaching of soluble nutrients from cover crops could contribute
substantial concentrations of N and P to surface runoff. Furthermore,
data on N concentrations in streams receiving runoff from agricultural
areas shows that appreciable amounts of N may be transported in surface
runoff (See Section III-4). For example, Jaworski gt 1&1; (1969)
observed N03-N concentrations as high as 3 mg/l and frequently near
1 mg/l for Catoctin Creek, Md., a stream draining a predominantly
agricultural area. In basins containing large areas of agricultural
lands. The nutrient contributions to the receiving water may be
appreciable even though the amount per unit of land area (kg/ha) is small.
Dissolved and particulate N compounds in runoff are potential
sources of N to streams and lakes. Due to rapid nitrification in
aerobic systems, concentrations of NH4-N in streams are generally low
compared to N03-N. Amounts of dissolved and particulate organic N are
variable. Total N (including particulate) is frequently considerably
higher than NO3-N.
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The
N
that
reaches
surface
waters
may
be
immobilized
in
the
sediments
and
thus
only
partially
available
(Keeney,
1972).
Conversly,
some
of
the
N may
be
released
from
the
sediments
by
microbial
mineralization.
Soil
erosion
is
a
selective
process,
and
eroded
material
contains
2.7
to
5 times
the
total N
content of
the original
soil ( Hensler and Attoe, 1970).
The
effect
of
fertilizer
N
for
continuous
corn
on
runoff
and
nitrogen
losses
has
been
studied
in
Missouri.
It was
found
that
0.5
m3/ha
(7
ft3/ac)
of
runoff
resulted
from
11.4
cm
(4.5
inches)
of
rain
and
that
a
runoff
loss
of
only
0.01kg/ha
(0.01
1b/ac)
of
NO3-N
resulted
from
application
of
198
kg/ha
(177
lb/ac)
of
fertilizer
N
(Smith,
1967).
Minnesota
workers
found
soil
losses
of
7.7
metric
tons/ha
(7
tons/ac)
for
fallow
conditions,
2.0
(1.8)
for
continuous
corn,
and
less
than
0.55
(0.5)
for
crop
rotations.
The
N
in
this
sediment
amounts
to
63.5
(
56.7),
12.9
(11.5)
and
less
than
5.6
kg/ha
(5
lb/ac),
respectively.
The
dissolved
N
in
the
runoff
water
ranged
from
0.75
to
1.21
kg/ha
(0.67
to
1.08
lb/ac)
for
the
continuous
corn
and
for
corn
and
cats
in
the
rotation.
However,
the
amount
of
dissolved
N
in
the
runoff
water
from
hay
was 3.47
kg/ha
(3.10
lb/ac).
This
was
probably
due
to
the
leaching
of
N
from
the
frozen
hay
residues
(Timmons
35
31;,
1970).
Wisconsin
researchers
have
also
noted
that
the
content
of
soluble
N
in
runoff
water
from
sod
plots
was
about
5
times
greater
than
that
from
fallow
plots,
while
work
on
rotational
land
with
slopes
ranging
from
3
to
20%
has
shown
that
runoff
losses
of
NO3-N
were
less
than
1
kg/ha
(0.9
1b/ac)
(Hensler
and
Attoe,
1970).
3.5.5.4
Nitrogen
in
Subsurface
and
Ground-Water
Runoff
Water
that
infiltrates
into
the
soil
ultimately
is
either
evaporated,
transpired,
seeps
along
impervious
layers,
or
percolates
to
the
water
table.
The
amount
of
leaching
at
a
particular
location
is
largely
related
to
conditions
affecting
evapotranspiration,
soil
physical
conditions,
and
to
precipitation
distribution
and
intensity.
As
reviewed
by
Keeney
(1970),
the
negatively
charged
nitrate
ion
(N03‘)
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 is soluble in water nad generally moveswith the water. The positively
charged ammonium ion (NH4+),
however, is held in exchangeable form by
clay minerals and soil organic matter which greatly restrict its movement.
Sediments and organic matter do not readily move downward in the soil;
bacteria and pesticides are generally adsorbed by soil particles; and
the bulk of most plant nutrients are held in exchangeable, non—exchangeable,
adsorbed or organic forms that are resistant to leaching. Thus, N03—N
is usually of greater concern in groundwater pollution.
Nitrate—N tends to accumulate at the soil surface during
prolonged droughts due to evapoaration. Rain following a drought moves
N03-N into the root zone, or beyond in the case of excessive rains.
Incorporation of carbonaceous crop residues tends to retard production
of NO3-N and movement due to microbial immobilization of N.
In Colorado, the average kg/ha (lb/ac) of NO3-N found in the
soil to a depth of 6.1 m (20 ft) for various cropping practices were:
alfalfa, 88 (79); native grassland, 100 (89); cultivated dry land,
292 (261); irrigated fields not in alfalfa, 569 (508); and corrals,
1,608 (1,436) (Stewart 25 31;, 1968). Variations in the N03—N content
of the corral soils were directly related to teh degree of aeration. For
the irrigated fields the annual losses of N03—N to the groundwater were
28 to 41 kg/ha (25 to 37 1b/ac). Stout and Burau (1967) found that soil
fertility levels are the prime factors determing the amount of N03 below
the root zone, showing that N03 is largely from natural sources.
In preliminary study in Wisconsin (Olsen, 1969), undisturbed,
cultivated, and poorly drained and well drained barnyard soil profiles
were analyzed for their NO3-N content. The respective profiles averaged
55 (49), 231 (206), 165 (147), and 134 kg/ha (120 1b/ac) of N03-N to a
depth of 2.4 m (8 ft). The content tended to decrease with soil depth,
apparently due to plant uptake, denitrification, and microbial
immobilization processes.
On irrigated sands, loss of N03-N is closely related to the
amount of fertilizer N and irrigation water applied (Olsen, 1969).
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In Wisconsin 30.5 cm (12 inches) of rain or irrigation water during a
5—week period following application of ammonium nitrate to a fallow
Plainfield sand caused most of the NO3-N to move down to the 1 to 1.5 m
(40 to 60 inch) depth. An additional 15 cm (6 inches) of precipitation
during the following month moved most of the NO3-N below the 1.8 m
(6 ft) depth. In a related study, the annual application of 336 kg/ha
(300 lb/acre) of N as ammonium nitrate to a silt loam soil for corn
resulted in the accumulation of excessive amounts of NO3—N in the subsoil,
compared to very little accumulation from the 112 kg/ha (100 lb/acre)
rate. The average annual precipitation was about 81.3 cm (32 inches)
and the rate of movement of NO3-N was about 41 cm (16 inches) annually.
These data suggest that pollution of the groundwater with N03-N can be
greatly reduced by limiting the rate of fertilizer N to approximate the
needs of the crop.
Hedlin (1971) found that high NO3-N concentrations in ground—
water were most likely where repeated heavy applications of organic matter
or nitrogenous materials take place (e.g. in the vicinity of farmsteads,
towns or villages). He also noted that the NO3-N concentration in the
groundwater decreases rapidly as one moves away from the source,
indicating either dilution by N03-free water or denitrification or both.
Little is known of the persistence of N03 in groundwater and evaluation
of the possibility of denitrification in groundwaters would seem to be
a needed area of investigation.
3.6 Natural Renovation MechanismsAvailable to Remove Nutrients
From Agricultural Runoff
The physical and chemical processes controlling the mobility
of soil phosphorus and nitrogen are reviewed in Section 3.5. Included
in this section is a discussion of natural mechanisms which tend to
limit the movement of P and N in agricultural runoff. These processes
include the soil stabilization and sediment deposition, sorption of
phosphate by soil particles, retention of NH4—N by soil cation exchange
sites, immobilization of nutrients by plant assimilation, and
denitrification of NO3-N.
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 Soil
erosion
is
a
major
factor
in
the
transport
of
nutrients
in
agricultural
runoff.
Thus,
mechanisms
and
practices
Which
minimize
erosion
and
transport
of
soil
particles
reduce
nutrient
transport
in
runoff.
The
natural
processes
of
major
importance
is
maintenance
of
a
crop
or
mulch
cover
on
the
soil
(Amemiya,
1970).
Phosphate
characteristically
exhibits
a
low
water
solubility
in
soil
systems
as
a
result
of
sorption
and/or
precipitation
processes
(Taylor,
1967).
However,
the
retention
of
phosphate
is
a
function
of
soil
type
and
is
generally
high
for
fine-textured
soils
and
low
for
sands.
Thus,
the
success
in
using
sorption
by
the
soil
as
a
mechanism
for
removing
P
from
runoff
will
depend
on
the
characteristics
of
the
soil.
In well
drained
silt
loam
soils,
sorption
should
reduce
P
concentrations
to
sufficiently
low
levels
in
the
absence
of
excessive
loadings of P to the soil.
Nitrification greatly increases the mobility of NH4-N and organic N
in soils
and
the
tendency for N
to percolate
to ground waters.
Conditions
for nitrification
are
generally favorable
for agricultural
crops.
Mobility
is best
controlled
by balancing
NO3-N
from the soil but
requires anaerobic
conditions which are generally unacceptable for crop production.
Practices based on the factors and mechanisms controlling the
mobility of nutrients in soils and used to minimize nutrient transport
in runoff arediscussed in Section 5.
3.7
Probable Changes in Land Use Activities
(1980, 2000, 2020)
Changes in the total cropping area for the U.S. region of the
Great Lakes Basin were estimated in the Great Lakes Basin Framework Study,
Appendix 13, Land Use and Management (1971) and are shown in Table 11.
A gradual decrease in cropping area was predicted, amounting to 10 per
cent of the present cropping area by 2020.
Some changes in areas for
crop groups were predicted.
Areas in idle cropland, pastures and meadows,
and close grown crops were projected to decrease, while row crop area
was expected to increase.
These projections indicate that there is little
land available for conversion to agricultural use in the Basin.
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 Table
11.Tota1
Cropping
Area,
Current
and
Projections
for
1980,
2000
and
2020
for
Great
1
Lakes Basin
Total
Area
 
Crops
1966
1980
2000
2
0
2
0
-
6
9
-
Orchards
and
Vineyards
Row
Crops
3,
Close
Grown
Crops
1,
Pastures
and
Meadows
2,
Idle
Cropland
3,
949
458
719
2
4
3
2
1
9
(9,750)
(3,600)
(6,715)
(600)
(7,947)
1000 hectares
3,849
1,617
1,995
161
3,620
(9,503)
(3,993)
(4,926)
(398)
(8,939)
(1000
4,084
1,467
1,721
1
6
5
3,319
 
acres)
(10,083)
(3,621)
(
4
,
2
3
9
)
(407)
(8,194)
4,821
1,284
1,654
185
2
,
3
9
8
(11,903)
(3,170)
(4,083)
(456)
(5,920)
Total
11,
588 (28,612) 11,242
(
2
7
,
7
5
9
)
10,750 (
2
6
,
5
4
4
)
10,342
(25,532)
1
 
Great
Lakes
Basin
Framework
Study,
Appendix
13,
1971.
  
 3.8
Projected Seriousness of Future Pollution Problems Derived From
Nutrients From Agricultural Lands.
The
amounts of
nutrients
from agricultural
lands
expected
to
reach the Great Lakes can be projected from land use predictions
(Section
3.7) and estimated loadings per unit area of agricultural land
(Section 3.4).
These estimates assume that the rate of loading for a
given type of crop will not change.
Further, as discussed in Section 3.4,
the estimated loadings are only approximations and not sufficiently
accurate to justify quantitative estimates of changes in loadings due
to changes in fertilizer use or other farming practices.
Because land
use changes are expected to be small, the corresponding changes in
nutrient loadings from agricultural lands are also small (Table 12).
On
this basis, it appears that the nutrient loadings from agricultural land
have reached a maximum value and will remain the same, given current
agricultural practices. Relatedly, if agricultural technology can be
developed to reduce nutrient loadings to surface waters per unit land
area, corresponding decreases in nutrient loadings to the Great Lakes
can be expected.
While the nutrient loadings from agricultural lands may remain
relatively constant, the proportion of phosphorus entering the Great
Lakes from agricultural lands as compared to other sources will likely
increase substantially. Treatment of municipal and industrial wastes
to remove phosphorus is receiving major emphasis. These sources presently
account for a high proportion of the phosphorus entering the Great Lakes.
Phosphorus budgets for the total Great Lakes system (Great Lakes Water
Quality Board, 1973) do not provide estimates of the proportion of the
total P loading derived from municipal wastes. Further, discrepancies
exist between the budgets presented in the section on water quality
and in the section on eutrophication, which includes estimates in reduction
in P loading for the period 1971-1973. However, it appears that an overall
reduction of about 25% in the P loading to the Great Lakes from the U.S.
and Canada was projected by 1973. On this basis, if agriculture previously
contributed about 20%, this proportion increased to about 25% if projected
reduction was achieved. From another viewpoint, at least an 80 percent
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Table
12.
Projected
Future
Loadings
of
Soluble
Nutrients
to
the
Great
Lakes
from
Agricultural
Lands.
Estimated
Nutrient
Loadings
to
the
Great
Lakes
Cmps
2
2
2
1
2
19661
1980
2000
2020
1966
1980
2000
2020
  
metric
tons/yr
(tons/yr)
Inorganic
Phosphorus
Row
Crops
829
808
858
1,010
6,160
6,000
(914)
(889)
(944)
(1,111)
(6,780)
(6,600)
Close-Grown
190
210
191
167
2,400
2,700
Crops
(209)
(231)
(210)
(184)
(2,680)
(2,970)
Pastures
and
598
439
379
364
6,250
4,590
Meadows
(659)
(483)
(419)
(400)
(6,880)
(5,050)
Orchards
and
51
34
35
39
379
251
Vineyards
(56)
(37)
(39)
(43)
(417)
(276)
Idle
Crop
161
181
166
120
12,600
14,100
Land
(178)
(199)
(183)
(132)
(13,800)
(15,500)
Total
1,829
1,672
1,629
1,700
27,829
27,621
(2,017)
(1,839)
(1,793)
(1,870)
(30,559)
(30,396)
3
Total
4,170
4,050
3,870
3,720
56,800
55,100
(4,590)
(4,460)
(4,260)
(4,090)
(62,500)
(60,600)
Inorganic
Nitrogen
6,370
7,520
(7,0
10)
(8,2
70)
2,450
2,140
(2,700)
(2,350)
3,960
3,800
(4,360)
(4,180)
257
289
(283)
(318)
12,900
9,350
(14,200)
(12,300)
25,437
23,099
(28,553)
(27,418)
52,700
50,700
(58,000)
(55,800)
1Values
from
Table
7
&
8.
2
(Table
7
&
8).
Based
on
projected
area
(Table
11)
and
current
3Based
on
stream
data(Tota1
P
and
Total
N).
estimated
loadings
  
 loading to Lake Michigan is projected.
Point sources were estimated
to contribute about 77 percent of the loading prior to treatment (Table 4).
If the agricultural contribution was about 20 percent, as estimated for
the total Great Lakes Basin, thisproportion.would increase to about 53%
when the projected 80 percent from point sources is achieved. While
these values are approximations at best, it is clear that the proportion
of the Phosphorus
loading to the Great Lakes from agricultural lands
will increase as treatment is implemented for point sources. This
will focus the attention on agricultural sources of phosphorus to the
Great Lakes.
Because major changes in the amounts of agricultural land in the
Great Lakes Basin are not anticipated, the seriousness of the problem
of nutrient loadings to the Great Lakes from agricultural lands in the
future, as compared to the present time, will be a function mainly of
changes in practices which affect the nutrient loadings per unit
 
area of agricultural land. In this regard, the extent to which nutrient
levels in runoff are affected by fertilizer use and other agricultural
practices becomes an important question.
Agricultural soils contain varying amounts of native nutrients
 
and nutrients added as fertilizers. The large amounts of fertilizer
N and P used, 260,000 and 152,000 metric tons (286,600 and 167,500 tons)
respectively, for the Great Lakes Basin, have raised concern over the
impact of fertilizer nutrients on loadings to the Great Lakes. Most ff
agricultural experts (e.g. Taylor, 1967; Stanford g£_§l;, 1970; Viets if
1970, 1971; Nelson, 1972) agree that insufficient information is 1'
available from sufficiently controlled situations to accurately assess Vi
the contribution of fertilizers to the nutrient loadings to lakes. ‘
Further, it is agreed that losses of fertilizer nutrients can be
affected by fertilizer use practices.
The amounts of fertilizer nutrients added to the soil are small
on an annual basis compared to native nutrient levels. However,
over years of continuous fertilizeruse, the amounts accumulated can
be significant. Because of the low water solubilities of P in soils,
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P is transported from soils largely in particulate form by soil erosion.
Although soil N03-N is water soluble, soil N is largely particulate.
Thus, P and N losses are closely related to the P and N contents of the
soil and may be increased by fertilization of the soil. A loss of 11.2
metric tons/ha (5 tons/ac) of soil containing 1000 ppm P amounts to a
loss of 11.2 kg/ha (10 1b/ac) of P. Furthermore, eroded soil is
generally enriched in nutrients compared to the source soil, due to the
tendency for nutrients to associate with fine silt and clay fractions.
However, prediction of the impact of soil erosion on nutrient loadings
to lakes, complicated by the partial deposition of sediment prior to
reaching the lake and a lack of information on the availability in lakes
of nutrients associated with the particulate phase (Taylor, 1967; Syers
35 a1;, 1973).
Although P and N are lost from soil mainly in eroded soil particles,
the losses of these nutrients in the soluble fraction is also important.
The soluble inorganic forms are directly available to aquatic plants and
are more likely to reach the lake than are particulate forms. Losses
of nutrients in solution are related in part to the concentrations
maintained in solution by soil particles.
Fertilization is expected to increase soluble P concentrations based
on soil P sorption isotherms and on the solubility of fertilizers and
their reaction products in soil (Black, 1970; Ryden gt al;, 1973).
Generally, fertilizer P reacts in soil initially to form products of
relatively high water solubility (Black, 1970). As P diffuses from the
fertilizer band, the concentration is decreased as P is sorbed by soil
particles. As the amount of P sorbed by the soil is increased, a higher
solution concentration is maintained. Consequently, both the formation
of fertilizer reaction products and the increase in sorbed P would
increase the tendency for loss of P in solution in runoff waters.
While some data have been obtained to show that fertilization can
increase soluble P concentrations, the importance of this to P loadings
to lakes has not been established. Data cited by Taylor (1967) showed
that P concentrations of 13, 34 and 88 ug/l, were obtained when dilute
-73..
 
salt solutions were equilibrated with a silt loam soil fertilized at
rates of O, 244 and 468 kg/ha (O, 218 and 418 lb/ac), respectively.
Bolton et al; (1970) obtained P concentrations of 13 and 24 Lg/l in
tile drainage water from non-fertilized and fertilized corn plots in
a 4—year rotation with oats-alfalfa. Concentrations of 26 and 29 Lg/l
were obtained for non—fertilized and fertilized continuous corn plots.
Nelson and Romkens (1970) observed that the P concentration in runoff
water was directly related to the rate of fertilizer addition for plots
receiving 0, 56 and 112 kg/ha (O, 50 and 100 lb/ac) of fertilizer P and
subjected to simulated rainfall. Concentrations ranged from about 50
Lg/l for the unfertilized plot to 400 for the highest level of added P.
The amount of solution P lost per unit area was also directly related
to fertilizer addition rate. It should be noted that the "rainfall"
intensity (6.4 cm/hr or 2.5 inches/hr) and duration (1 hr) were high,
contributing to a high rate of runoff. Consequently, the losses were
higher than normally expected. Holt §£_gl; (1970) reported P concentrations
of 8, 9, 16 and 30 pg/l in runoff from plots receiving no fertilizer,
fertilizer broadcast and plowed, fertilizer broadcast and disked, and
fertilizer broadcast (rates not given), respectively.
The predominant form of N transported in solution is N03”. In
contrast to P, N03- is not retained by the soil and moves with runoff and
percolating waters. The extent of soluble N transport from the soil is
a function of the rates of water percolation, nitrification, denitrification,
plant uptake, and immobilization by other processes (see Section 3.4).
While instances of enrichment of subsurface waters by fertilizer N are
known, the importance of fertilizer N to the loadings of N from agricultural
lands to lakes is not well established (Stanford g£_§l;, 1970; Viets,
1971; Keeney and Walsh, 1972).
Available information indicates that nutrients in solution contribute
significantly to estimated nutrients loadings to lakes from agricultural
lands (Section 3.4). Fertilization can increase concentrations of nutrients
in solution and thereby increase the amounts of nutrients transported
from soil in runoff and percolating waters. On this basis, future
problems of nutrient additions to lakes from agricultural lands may be
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reduced
if
emphasis
is
placed
on
balancing
fertilizer
application
rates
to
agricultural
crop
needs
and
on
achieving
the
minimum
nutrient
concentrations
in
the
soil
solution
for
maximum
crop
production.
From
another
standpoint,
considerable
nutrient
transport
occurs
through
soil
erosion
and
fertilization
increases
the
nutrient
content
of
the
soil.
Consequently,
future
problems
for
lakes
can
be
reduced
by
avoiding
excessive
fertilizer
use
and
byminimizing
soil
erosion.
3.9
Institutional
Arrangements
Relating
to
Great
Lakes
Pollution
By
Nutrients
FromAgricultural
Lands
The
laws,
policies,
and
institutional
arrangements
pertaining
to
the
U.S.
Great
Lakes
Basin
are
discussed
in
detail
in
Appendix
20
of
the
Great
Lakes
Basin
Framework
Study,l972.
Apparently,
programs
and
policies
have
not
been
developed
to
deal
directly
with
pollution
by
nutrients
from
agricultural
lands.
However,
certain
agency
programs
and
policies
developed
for
other
purposes
have a
bearing
on
nutrients
from
agricultural
lands.
Most
closely
relatedare
programs
concerned
with
control
of
erosion
and
sediment.
The
Fedearl
Water
Pollution
Control
Act
Amendments
of
1972
focused
attention
on
diffuse
sources
of
pollution,
including
sediments.
The
legislation
called
for
an
evaluation
of
the
sources
and
extent
of
sediment
and
associated
pollution
arising
from
agricultural
and
urban
lands,
and
of
the
legal,
economic,
and
other
implications
of
the
implementation
of
erosion
control
methodology.
3.9.1 Agencies
The
EPA,
and
USDA
have
programs
concerned
with
agricultural
pollution
(EPA,
1971).
The
EPA
is
the
agency
with
direct
statutory
responsibility
for
programs
leading
to
abatement,
prevention,
and
control
of
all
water
quality
problems.
Within
the
research
and
development
program,
projects
are
included
to
improve
methods
to
alleviate
or
abate
all
agricultural
sources
of
pollution.
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Several
USDA
agencies
are
concerned
with
proper
land
use
and
resource
conservation
practices.
These
practices
result
in
soil
and
I
water
conservation
and
may
result
in
pollution
abatement,
particularly
sediment
control.
The
Agricultural
Stabilization
and
Conservation
;
Service
(ASCS)
authorizes
federal
cost
sharing
with
farmers
for
carrying
\
out
soil
conservation
programs
and
specific
pollution
abatement
practices.
Pollution
abatement
has
been
concerned
mainly
with
animal
wastes.
The
Agricultural
Research
Service
conducts
land
and
water
resource
research
programs.
Some
of
these
relate
to
erosion
control
and
pollution
by
agricultural
chemicals.
The
Cooperative
State
Research
Service
administers
Federal
grant
programs
for
agricultural
research
at
state
agricultural
experiment
stations.
All
experiments
in
the
Great
Lakes
states
are
conducting
research
on
nutrient
enrichment
of
waters.
The
Soil
and
Water
Conservation
Service
develops
and
carries
out
a
national
soil
and
water
conservation
program
through
soil
and
water
conservation
districts
and
watershed
protection,
flood
prevention
and
river
basin
investigation
projects.
A
Survey
of
small
watersheds
in
the
Great
Lakes
St.
Lawrence
Region
 
concluded
that
watersheds
were
feasible
for
development
for
water
and
land
conservation
and
flood
control
under
Public
Law
566
(EPA,
1971).
Local
sponsoring
organizations
made
application
for
74
projects.
Planning
was
authorized
for
31
and
construction
for
21
projects.
Within
state
governments,
various
groups
such
as
the
Departments
of
Agriculture
are
involved
in
programs
related
to
land
use.
Generally,
these
programs
inform
agricultural
committees
on
farming
practices,
and
;3
other
matters,
and
advise
the
legislative
branch
on
subjects
including
agricultural pollutants.
E1
3.9.2 Programs and Policies
Floodplain
management
may
indirectly
affect
nutrient
pollution
from
agricultural
lands
located
in
floodplains.
However,
management
is
mainly
concerned
with
uses
other
than
agricultural.
All
Great
Lakes
Basin
states
have
zoning
enabling
legislation.
Wisconsin
is
the
only
state
with
a
compulsory
floodplain
zoning
program
(Great
Lakes
Basin
Framework Study, 1972).
_;_i
   
Land
drainage
(i.e.,
installation
of
drains,
etc.)
is
controlled
under enacted statutes in six of the Basin states (Great Lakes Basin
Framework
Study,
1972).
Drains
may
be considered
as public waters
and
subject to pollution abatement laws.
Consequently, where runoff waters
are
channeled
through drains,
a potential
exists
for control
from the
standpoint of the impact of nutrient loadings to surface waters.
The
states have
soil conservation
programs
which affect pollution
by
nutrients
from agricultural
lands.
All
Basin states,
with
the
possible exception
of
Indiana,
have
statutory
provisions
to
abate or
safeguard
against
sediment
and
erosion
damages
(Great
Lakes
Basin
Framework
Study,
1972).
Erosion
is
an
important
aspect
of
nutrient
transport
from
agricultural
lands.
Soil
conservation
districts
may
be
formed
in
all
Basin
states
to
effect
soil
conservation
practices,
for
example,
as
a mechanism
for
erosion
and
sediment
control.
Various
programs
for
controlling
pollution
from
land
use
activities
are
in
the
planning
or
demonstration
stages.
Allen
County,
Indiana,
Soil
and
Water
Conservation
District
is
working
with
EPA
in
a
research
and
demonstration
project
to
control
pollution
runoff
from
farmlands
(Great
Lakes
Water
Quality
Board,
1973).
The
Minnesota
Governor's
Conference
with
participation
by
EPA
is
working
to
develop
a
model
state
act
for
soil
erosion
and
sediment
control.
Michigan
is
considering
legislation
to
control
soil
erosion.
Ohio
is
considering
a
cooperative
plan
among
state
agencies
to
control
nutrients
and
sediments
from
agricultural lands.
Under
Wisconsin
law,
land
use
regulations
through
adopted
ordinances
which
affect
soil
and
water
erosion,
flooding,
a
sedimentation
can
be
formulated
by
soil
and
water
conservation
districts
for
land
use
within
All
landowners
in
the
district
would
be
included
under
such
ordinances.
the
district
but
outside
of
incorporated
villages
and
cities.
A
model
ordinance
for
Wisconsin
soil
and
water
conservation
districts
adopting
land
use
regulations
for
sediment
control
has
been
developed.
Wisconsin
has
planned
a
cooperative
research
and
demonstration
project
to
demonstrate
the
effectiveness
of
land
control
measures
in
improving
water
quality
and
to
devise
the
necessary
institutional
arrangements
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for
the
preparation,
acceptance,
adoption
and
implementation
of
a
sediment
control
ordinance
applicable
to
incorporated
and
unincorporated
areas
on
a
county-wide
basis.
The
project
involves
cooperation
between
ten
local,
state
or
federal
groups.
Washington
County
in
southeastern
Wisconsin
has
been
selected
as
the
site
for
the
proposed
program.
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Section 4
SUMMARY OF RELEVANT ONGOING RESEARCH DEMONSTRATION
OR MONITORING PROGRAMS
4.1 Ongoing Research1
The
nut
rie
nt
con
tri
but
ion
by
the
agr
icu
ltu
ral
lan
d t
o s
urf
ace
wat
ers
is
dif
fic
ult
to
qua
nti
fy,
bec
aus
e o
f t
he
dif
fus
e n
atu
re
of
agr
icu
ltu
ral
sour
ces.
Also
, t
he
pro
ble
m i
s c
omp
lic
ate
d b
y a
mul
tit
ude
of
fact
ors,
bot
h n
atu
ral
ly
occ
urr
ing
and
man
—ma
de,
inf
lue
nci
ng
nut
rie
nt
tra
nsp
ort
in
runo
ff.
The
mor
e o
bvi
ous
fac
tor
s i
ncl
ude
the
amo
unt
,
distribution, and intensity of rainfall; the amount, quality and
app
lic
ati
on
of
irr
iga
tio
n w
ate
r;
tem
per
atu
re
and
eva
pot
ran
spi
rat
ion
;
the
amou
nt o
f ru
noff
and
perc
olat
ion;
soil
eros
ion
and
cons
erva
tion
pra
cti
ces
; t
he
phy
sic
al
and
che
mic
al
nat
ure
of
the
soil
; t
opo
gra
phi
c,
geological, and hydrological features of the earth's surface; the
kind
s of
crop
s gr
own
and
the
meth
ods
of c
rop
mana
geme
nt;
and
the
kind
s
and
amo
unt
s o
f f
ert
ili
zer
use
d a
nd
the
tim
ing
of
app
lic
ati
on.
The
se
fac
tor
s a
ct
sep
ara
tel
y a
nd
in
com
bin
ati
on
to
inf
lue
nce
the
nut
rie
nt
loss
es.
Int
era
cti
on
amo
ng
fac
tor
s g
rea
tly
com
pli
cat
es
eva
lua
tio
n o
f t
he
pro
ble
m (
Tayl
or,
1967
; S
tan
for
d g
t a
l.,
1970
; N
els
on,
1970
).
Sev
era
l a
ppr
oac
hes
cur
ren
tly
are
use
d t
o e
val
uat
e t
he p
rob
lem
,
name
ly s
tudi
es w
ith
sing
le o
r mu
ltip
le w
ater
shed
s,
lysi
mete
r pl
ots,
drainage plots and/or runoff plots. Monitoring of the nutrient content
of streams, ponds, and lakes provides valuable data if done carefully
and continuously in well selected areas where there is minbmal
contamination from outside sources of nutrients.
Gen
era
lly
, t
he
sup
por
tin
g a
gen
cie
s a
re
Env
iro
nme
nta
l P
rot
ect
ion
Agency (Office of Research and Development), Department of the Interior
(Off
ice
of
Wat
er
Res
our
ces
Res
ear
ch)
, D
epa
rtm
ent
of
Agr
icu
ltu
ral
(Agricultural Research Service), Department of Agriculture with
Cooperative State Research Service, and State Governments.
1S
ee
als
o
Se
ct
io
n
3.9
,
In
st
it
ut
io
na
l
Ar
ra
ng
em
en
ts
.
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The
projects
currently
being
undertaken
are
presented
below
according to subject matter.
4.1.1
Contribution
of
Nutrients
from
Agricultural
Land
to
Surface Waters
Projects
involving
evaluation
of
the
extent
of
phosphorus
and
nitrogen
enrichment
of
surface
waters
by
agricultural
land
are
being
undertaken
by
the
following
investigators:
D.
K.
Cassell
and
W.
C.
Dahnke
(North
Dakota
State
University);
G.
Chesters
and
D.
R.
Keeney
(University
of
Wisconsin);
B.
G.
Ellis
(Michigan
State
Univesrity)
J.
J.
Hanway,
J.
M.
Bremner
and
M.
A.
Tabatabai
(Iowa
State
University);
R.
F.
Harris
and
D.
E.
Armstrong
(University
of
Wisconsin);
H.
G.
Heinemann
(U.S.
Department
of
Agriculture);
C.
C.
Hortenstine,
L.
C.
Hammond,
and
R.
S.
Mansell
(University
of
Florida);
J.
M.
MacGregor
and
R.
S.
Adams
(University
of
Minnesota);
B.
L.
McNeal
(Washington
State
University);
L.
S.
Murphy
(Kansas
State
University);
D.
W.
Nelson
and
M.
J.
Romkens
(Purdue
University);
R.
A.
Olson,
J.
Muir
and
E.
C.
Seims
(University
of
Nebraska);
B.
L.
Schmidt
and
T.
J.
Logan
(Ohio
Agricultural
Research
and
Development
Center);
D.
R.
Timmons
and
R.
F.
Holt
(U.S.
Department
of
Agriculture);
E.
M.
White
(South
Dakota
State
University);
and
P.
J.
Zwerman,
D.
J.
Lathwell
and
D.
R.
Bouldin
(State
University
of
New
York
at
Ithaca).
One
investigator,
G.
O.
Schwab
(Ohio
State
University)
is
studying
specifically
the
movement
of
nutrients
from
agricultural land to Lake Erie.
4.1.2
Contribution
of
Nutrients
by
Fertilizers
to
Surface
Waters
Current
projects
on
the
role
of
fertilizers
in
pollution
of
surface
waters
include
those
conducted
by:
R.
R. Bradford
(Alabama Agricultural
and Mechanical
College);
L. A.
Douglas
(Rutgers,
the
State
Univesrity);
E. P.
Dunigan
(Louisiana
State University);
J.
E.
Giddens
(University
of Georgia); J. W. Gilliam (Univesrity of North Carolina);
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J.
W.
Gil
lia
m a
nd
S.
B.
Wee
d
(Un
ive
rsi
ty
of
Nor
th
Car
oli
na)
;
G.
F.
Gri
ffi
n a
nd
R.
W.
Wen
gel
(Un
ive
rsi
ty
of
Con
nec
tic
ut)
;
J.
J.
Han
way
,
R.
M.
Shi
ble
s,
and
E.
J.
Dun
phy
(Io
wa
Sta
te
Uni
ver
sit
y);
L.
H.
Hil
ema
n
(Un
ive
rsi
ty
of
Ark
ans
as)
;
D.
M.
Him
mel
bla
u
and
M.
Hil
deb
ran
d
(Un
ive
rsi
ty
of
Tex
as)
;
C.
C.
Hor
ten
sti
ne,
D.
A.
Gra
etz
and
D.
F.
Rot
hwe
ll
(Un
ive
sit
y
of
Flo
rid
a);
D.
E.
Kis
sel
and
C.
W.
Ric
har
dso
n
(Bl
ack
lan
d C
ons
erv
ati
on
Exp
eri
men
t
Sta
tio
n);
W.
Kro
ont
je
(Vi
rgi
nia
Pol
yte
chn
ica
l
Ins
tit
ute
);
G.
M.
Les
sma
n (
Uni
ver
sit
y o
f T
enn
ess
ee)
;
J.
F.
Lut
z (
Uni
ver
sit
y o
f N
ort
h
Car
oli
na)
;
T.
M.
McC
all
a
and
G.
L.
Sch
uma
n
(Un
ive
rsi
ty
of
Neb
ras
ka)
;
J.
D.
Men
zie
s a
nd
G.
Sta
nfo
rd
(U.
S.
Dep
art
men
t o
f A
gri
cul
tur
e);
R.
A.
Ols
on,
A.
D.
Flo
wer
day
, D
. K
nud
sen
and
G.
A.
Pet
ers
on
(Un
ive
rsi
ty
of
Neb
ras
ka)
; A
. R
. O
ver
man
(Un
ive
rsi
ty
of
Flo
rid
a);
T.
C.
Pee
le
(Cl
ems
on
Uni
ver
sit
y);
C.
E.
Sca
rsb
roo
k (
Aub
urn
Uni
ver
sit
y);
G.
E.
Smi
th
(Un
ive
rsi
ty
of
Mis
sou
ri)
; A
. S
wob
oda
(Tex
as
A &
M U
niv
ers
ity
Syst
em);
G.
W.
Tho
mas
(Un
ive
rsi
ty
of
Ken
tuc
ky)
; M
. R
. T
ill
and
D.
W.
Arm
str
ong
(So
uth
Aus
tra
lia
n
Dep
art
men
t o
f A
gri
cul
tur
e);
F.
G.
Vie
ts
and
S.
R.
Ols
en
(U.S
. D
epa
rtm
ent
of
Agr
icu
ltu
re)
;
L.
F.
Wel
ch,
J.
D.
Ale
xan
der
and
T.
E.
Lar
son
(Un
ive
rsi
ty
of
Ill
ino
is)
; C
. W
. W
end
t,
A.
B.
Onk
en
and
O.
C.
Wil
ke
(So
uth
Pla
ins
Res
ear
ch
and
Exp
eri
men
t C
ent
er)
; a
nd
W.
M.
Win
ant
(un
ive
rsi
ty
of Vermont).
4.1.3 Nitrogen and Nitrates in the Environment
Nit
rog
en
and
nit
rat
es
in
teh
soil
, p
lan
ts
and
sur
fac
e w
ate
rs
are
under investigation by: M. M. Alexander and P. L. Minott (State
Univ
ersi
ty o
f Ne
w Yo
rk);
S. A
. Ba
rber
and
D. W
. Ne
lson
(Pur
due
Univ
ersi
ty);
A. V
. Ba
rker
and
D. N
. Ma
ynar
d (
Univ
ersi
ty o
f Ma
ssac
huse
tts)
; J.
M. B
remn
er
and
L. G
. Bu
ndy
(Iow
a St
ate
Univ
ersi
ty);
J. C
. Da
y (U
nive
srit
y of
Ariz
ona)
;
Y. K
aneh
iro
(Uni
vers
ity
of H
awai
i);
D. R
. Ke
eney
(Uni
vesr
ity
of W
isco
nsin
);
F. E
. Ko
ehle
r an
d N.
K. W
hitt
lese
y (W
ashi
ngto
n St
ate
Univ
esri
ty);
W. D
.
Lemb
ke,
J. K
. Mi
tche
ll a
nd J
. Si
mon
(Unv
iver
sity
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The solubility of N03- has focused major attention on the mobility
of N03_ in surface runoff and percolating waters. Fertilization practices
which minimize N03" losses have been emphasized. Important practices
include balancing application rate with crop needs, split applications
and side-dressing to time applications with crop utilization, and use
of deep—rooted crops in crop rotations to return leached N03” to the
soil surface (Martin gt ELL, 1970; Stanford 23 al;, 1970). Nitrification
inhibitors may prove useful in retarding NO3‘ formation and thereby reducing
losses.
Practices which may lead to increased transport of nutrients from
agricultural soils include fall fertilizer application, broadcast
application, and addition of fertilizers, including manure, to frozen
soil (Biggar and Corey, 1969; Martin gt al;, 1970). Relatedly freezing
apparently enhances the release of nutrients from crop plants, and this
process may contribute substantially to nutrient transport during the
spring runoff period (Holt, 1969).
The
con
cer
n o
ver
wat
er
qua
lit
y d
ete
rio
rat
ion
, t
he
inc
rea
sin
g c
ost
s
and decreasing supplies of fertilizers, and decreasing food supplies
emphasize the need for technology to maximize efficient fertilizer use
and
crop
prod
ucti
on w
hile
mini
mizi
ng w
ater
poll
utio
n pr
oble
ms.
Proc
edur
es
for evaluating fertilizer application rates should not only focus on
maximizing production but on minimizing fertilizer use and the potential
for loss in runoff and seepage waters.
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Section 6
NEED FOR NEW RESEARCH, DEMONSTRATION OR
MONITORING PROGRAMS
6.1 Gaps in Knowledge Likely to be Remaining By the 1976 Time Frame
Accurate estimates fo the nutrient contribution of agricultural
lands to the Great Lakes can not be made at the present time. The
contribution is estimated to be about 20 percent of the total loading
for phosphorus and will increase in proportion as point sources of
phosphorus pollution are reduced through waste treatment. However,
information on nutrient transport from agricultural land has been
obtained from widely scattered locations and frequently under poorly
defined conditions. Because of the lack of precision in estimates of
nutrient transport in runoff, accurate evaluations of the role of land
use and other factors in nutrient loadings can not be made.
The factors and mechanisms controlling the amounts of nutrients
transported from agricultural lands are not established sufficiently
to facilitate management programs. The physical and chemical factors
controlling concentrations of soluble nutrients containedin surface
runoff are not understood to the extent that quantitative predictions
can be made. The effect of fertilizer use on soluble nutrient transport
is uncertain.
Information is lacking on nutrient transport in streams and rivers.
It is evident that a considerable portion of the soil eroded from
agricultural lands is deposited prior to discharge into lakes.
Furthermore, soluble nutrient loss from runoff waters through interaction
with stream bank and bottom sediments can not be predicted.
The effect of particulate nutrients transported to lakes on the
nutrient status of lake surface waters is poorly understood.
Consequently,
the validity of including particulate nutrients in lake nutrient budgets
is uncertain.
This arises because of a lack of information on the rates
of release of nutrients from particulate forms in lake systems, the
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availability of particulate forms to aquatic organisms, and the rates
of nutrient uptake from particulate forms by algae as related to
» the longevity of particulate nutrient forms in lake surface waters.
6.2 New Studies Needed to Define the Problems Remaining
Gaps in knowledge regarding nutrient transport from agricultural
lands to the Great Lakes (Section 6.1) indicates a need for research
and demonstration projects in the areas discussed below to provide the
information required.
6.2.1 Basic Research
Intensive investigation and monitoring of nutrient transport
 
from representative agricultural watersheds. This type of investigation
is needed to provide quantitative information on nutrient transport as
a function of land use, soil type, fertilization, runoff and other
important factors. Measurements should be made over a sufficient time
period to provide a representative, accurate assessment. Relation to
important events such as spring runoff should be evaluated to facilitate
management and control programs.
Determination of the factors and mechanisms controlling the amounts
of nutrients transported from agricultural lands. Research on the
physical and chemical factors controlling the concentrations of soluble
nutrients in runoff should be emphasized. The effects of soil properties,
fertilizer application, and fertilization history of the soil should be
established. This information would identify the specific processes and
factors controlling soluble nutrient transport and, in turn, aid programs
to control the problem.
Determination of the factors and processes controlling nutrient
transport in streams and rivers. The extent of soluble nutrientremoval
by stream bank and bottom sediments should be established. This information
would relate measurements of nutrient transport from agricultural land to
the amounts expectedto reach the Great Lakes.
1 ' -86-
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Determination of the effect of particulate nutrients in runoff
on the nutrient status of lake surface waters. Information is needed on
 
a) the rate and extent of nutrient release from particulate forms, b) the
biological availability of particulate nutrient forms and c) the rates of
utilization of particulate nutrients as related to the rates of particulate
nutrient removal from lake surface waters through settling. This information
would greatly improve predicting of the impact of agricultural runoff on
lake water quality.
6.2.2 Demonstration Projects
Monitoring of representative agricultural drainage basins. As
discussed above (Section 6.2.1) this type of program is needed to provide
quantitative information on nutrient transport from agricultural lands.
Effectiveness of sediment control through soil and water conservation
programs in reducing the amounts of nutrients transported from agricultural
lands. Considerable amounts of nutrients are transported with eroded soil.
Control of soil erosion will also reduce the amounts of soluble nutrients
transported from soil. Projects such as those described for Allen County,
Indiana and Washington County, Wisconsin (See Section 3.9) are needed to
determine whether soil conservation and sediment control programs are
effective in reducing sufficiently the transport of nutrients from
agricultural lands, and whether these programs can be implemented under
existing legislation, policy and institutional arrangements.
6.2.3 Development of New Technology
It is likely that the basic technology exists to control nutrient
transport from most agricultural lands through appropriate farming
practices and soil erosion control programs.
Furthermore, it is likely
that technology can and will improve.
However, the research and
demonstration projects described above are needed to establish sufficiency
of existing technology.
If this technology is found to be adequate, the
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major problem remaining is implementing the appropriate technology
throughout the Basin. Since agriculture is likely to become more
intensive to increase food production per unit area, fertilizer use
technology should receive careful attention. Excessive fertilizer use
will become less economical and may be detrimental to water quality.
Methods of assessing fertilizer needs should be examined closely to
ensure that these methods predict the appropriate time, rate, type and
method of fertilizer application so that a high level of production can
be maintained with minimal harmful effects on water quality.
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duc
t
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et
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gul
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ero
sio
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fro
m t
he
agr
icu
ltu
ral
and
urb
an
lan
d u
se
cat
ego
rie
s
onl
y.
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lar
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ime
nt
yie
ld
rat
es
mea
sur
ed
on
the
maj
or
str
eam
s
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bas
in
are
87
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ric
ton
s
per
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are
kil
ome
ter
(25
0
ton
s
pe
r
sq
ua
re
mil
e)
fr
om
the
Cu
ya
ho
ga
Ri
ve
r
at
In
de
pe
nd
en
ce
,
Ohi
o
and
263
met
ric
ton
s p
er
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are
kil
ome
ter
(75
0 t
ons
per
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are
mil
e)
fr
om
the
Ge
ne
se
e
Ri
ve
r
in
Ne
w
Yor
k.
Wh
il
e
the
se
se
di
me
nt
yie
ld
s
are
mod
era
tel
y
low
in
com
par
iso
n t
o
oth
er
par
ts
of
the
U.
S.,
sed
ime
nt
yie
lds
of
thi
s
mag
nit
ude
can
cau
se
ser
iou
s
pro
blm
es
to
har
bor
s
and
fis
h.
The
sed
ime
nt
is
a c
arr
ier
of
nut
rie
nt
ele
men
ts
and
pes
tic
ide
s.
It
als
o
cre
ate
s
tur
bid
ity
in
the
str
eam
s
and
the
Gre
at
Lak
es.
Ero
sio
n
cre
ate
s
a w
ide
ran
ge
of
sed
ime
nt
siz
es
ran
gin
g
fro
m
coa
rse
to
fin
e
gra
ine
d
mat
eri
al.
Par
tic
les
of
all
siz
e
fra
cti
ons
no
dou
bt
are
con
tri
but
ed
as
sed
ime
nt
yie
ld
to
the
Lak
es.
The
maj
or
por
tio
n o
f t
he
sed
ime
nt,
how
eve
r,
is
fin
e
gra
ine
d.
Th
e
mo
st
se
ve
re
er
os
io
n
oc
cu
rs
ar
ou
nd
the
so
ut
he
rn
en
d
of
Lak
e
Mic
hig
an
and
sou
th
of
Lak
es
Eri
e
and
Ont
ari
o.
Riv
ers
and
str
eam
s
whi
ch
dra
in
thi
s
are
a r
efl
ect
the
se
hig
her
ero
sio
n
rat
es
by
a c
orr
es-
pon
din
g h
igh
er
sed
ime
nt
yie
ld
tha
n
in
oth
er
str
eam
s
in
the
bas
in.
  
   
Section I-2
SUMMARY
OF
FINDINGS
AND
CONCLUSIONS
Sediment
yield
to
the
Lakes
from
erosion
on
agricultural
and
urban
land
from
the
U.
S.
portion
of
the
Basin
can
be
estimated
with
reasonable
accuracy.
Wise
land
use
and effective
use
of
soil
conser—
vation
systems
can
effectively
reduce
or
minimize
these
sedimentation
problems.
Conservation
practices
which
are
a
part
of
these
systems
reduce
runoff
and
erosion.
If
the
conservation
program
for
the
future
is
of
similar
magnitude
to
that
of
the
past,
then
the
sediment
yield
to
the
Lakes
is
expected
to
remain
about
the
same
as
present
until
1980
and
decline
slightly
below
present
levels
in
2000.
With
pre—
sent
rates
of
land
treatment
by
2020
the
sediment
yield
is
expected
to
increase
to
about
6%
above
the
present
figure.
This
variation
in
yield
is
due
mainly
to
an
expected
decline
and
then
increased
demand
for
row
crops
in
the
Basin.
The
general
upward
trend
in
yield
is
attributed
to
the
projected
continuing
increase
in
areas
undergoing
urban
construction.
If
the
conservation
program
is
increased
above
the
present
rates,
then
a
significant
decrease
in
sediment
yield
can
be
expected.
The
amount
of
decrease
will
be
directly
related
to
the
amount
of
soil
conservation
practices
which
can
be
installed.
If
the
estimates
developed
in
this
paper
are
to
be
refined,
new
studies
will
be
needed.
These
studies
will
be
in
the
nature
of
re—
search,
data
gathering,
and
an
expanded
water
quality
monitoring
pro—
gram.
The
research
needs
are
quite
broad
and
cover
items
such
as
re-
finement
of
sediment
delivery
ratios
for
large
watersheds,
effect
of
land
treatment
on
sediment
yield
from
large
watersheds
and
refine—
ment
of
the
factors
influencing
erosion
and
sediment
yield
from
ur—
ban
land.
The
data
gathering
should
include
remeasuring
of
sediment
in
reservoirs
already
measured
and
the
measurement
of
new
reservoirs.
Expanding
the
water
quality
monitoring
program
would
be
necessary.
The
addition
of
more
sediment
gauging
stations
in
the
program
for
an
adequate
period
of
time
would
provide
the
data
to
predict
sediment
yield
to
the
Lakes
more
accurately.
These
stations
will
also
pro—
vide
data
on
the
effect
of
changes
in
land
use
on
sediment
yield.
 
 Section 1—3
RECOMMENDATIONS
Acc
ura
te
and
rel
iab
le
est
ima
tes
are
nee
ded
on
the
sed
ime
nt
yie
ld
to t
he L
akes
. A
ddit
iona
l st
ream
gaug
ing
stat
ions
wher
e se
dime
nt i
s
mea
sur
ed
are
req
uir
ed.
Man
y m
ore
sta
tio
ns
loc
ate
d n
ear
the
jun
cti
on
of
the
str
eam
and
lake
are
nee
ded
to
mea
sur
e t
otal
sus
pen
ded
load
fro
m t
he
str
eam
s f
low
ing
dir
ect
ly
into
the
lake
.
Add
iti
ona
l s
tat
ion
s
on
the
str
eam
s w
ith
in
the
wat
ers
hed
are
req
uir
ed
to
pro
vid
e d
ata
wit
h
whi
ch
sed
ime
nt
yie
ld
fro
m d
iff
ere
nt
land
uses
can
be
det
erm
ine
d.
One
of
the
bas
ic
pro
ced
ure
s u
sed
in
sed
ime
nta
tio
n w
ork
uti
liz
es
sed
ime
nt
del
ive
ry
rat
io
as
a t
ech
niq
ue
to
red
uce
gro
ss
ero
sio
n t
o s
edi-
men
t y
iel
d.
The
sed
ime
nt
del
ive
ry
rat
io
curv
e n
ow
in
use
was
not
dev
elo
ped
for
use
on
larg
e w
ate
rsh
eds
.
Res
ear
ch
sho
uld
be
don
e t
o
dev
elo
p a
new
cur
ve
whi
ch
is
val
id
for
lar
ge
wat
ers
hed
s.
It
is
des
ira
ble
to
sta
rt
a p
rog
ram
to
mea
sur
e s
edi
men
t i
n a
ll
res
erv
oir
s w
hic
h m
eet
the
req
uir
eme
nts
for
this
typ
e o
f o
per
ati
on.
Res
erv
oir
s w
hic
h h
ave
not
bee
n m
eas
ure
d a
s w
ell
as
tho
se
mea
sur
ed
pre
vio
usl
y s
hou
ld
be
bro
ugh
t u
nde
r t
his
pro
gra
m.
The
se
dat
a w
ill
hel
p r
efi
ne
(l)
sed
ime
nt
yie
ld
fro
m l
arg
e w
ate
rsh
eds
, (
2)
sed
ime
nt
del
ive
ry
rati
o,
(3)
the
eff
ect
of
land
tre
atm
ent
on
sed
ime
nt
yie
ld
on
lar
ge
wat
ers
hed
s,
(4)
sed
ime
nt
yie
ld
fro
m a
nd
the
eff
ect
of
lan
d t
rea
tme
nt
on
soi
ls
und
erg
oin
g u
rba
n c
ons
tru
cti
on
and
(5)
sed
i—
ment yield from settled urban areas.
Res
ear
ch
sho
uld
be
int
ens
ifi
ed
to
det
erm
ine
the
mag
nit
ude
of
sed
ime
nt
yie
ld
fro
m u
rba
n l
and
and
fro
m s
oil
s u
nde
rgo
ing
urb
an
con
str
uct
ion
.
Mat
eri
al
gat
her
ed
fro
m t
his
stu
dy
can
be
use
d t
o r
e-
fine
pro
ced
ure
s f
or
pre
dic
tin
g s
edi
men
t y
iel
d f
rom
the
se
type
s o
f
areas.
Ord
ina
nce
s a
nd
reg
ula
tio
ns
sho
uld
be
dev
elo
ped
in
eac
h s
tat
e
on
the
con
tro
l o
f e
ros
ion
, r
uno
ff
and
sed
ime
nt.
The
se
ord
ina
nce
s
sho
uld
be
ade
qua
tel
y f
und
ed
so
tha
t t
hei
r o
per
ati
on
and
enf
orc
eme
nt
is insured.
The
re
sho
uld
be
a p
rog
ram
whi
ch
wou
ld
off
er
the
far
mer
and
urb
an
dev
elo
per
an
inc
ent
ive
to
app
ly
sed
ime
nt
con
tro
l m
eas
ure
s.
Thi
s
could be in the form of cost-sharing or tax write-off.
  
  
Section II—l
INTRODUCTION
Po
ll
ut
io
n
of
th
e
Gr
ea
t
La
ke
s
by
se
di
me
nt
ha
s
be
en
go
in
g
on
si
nc
e
th
e
La
ke
s
we
re
fo
rm
ed
.
Th
is
se
di
me
nt
wa
s
fr
om
wh
at
is
co
ns
id
er
ed
no
rm
al
or
ge
ol
og
ic
er
os
io
n.
It
wa
s
on
ly
wh
en
ma
n
ma
ni
pu
la
te
d
th
e
ve
ge
ta
ti
on
an
d
la
nd
us
e
fo
r
hi
s
ow
n
en
ds
th
at
th
e
er
os
io
n
on
th
e
la
nd
an
d
se
di
me
nt
yi
el
d
to
th
e
La
ke
s
ma
de
a
si
gn
if
ic
an
t
in
cr
ea
se
.
Si
nc
e
st
ud
ie
s
of
po
ll
ut
io
n
to
th
e
La
ke
s
be
ga
n,
it
ha
s
be
en
re
co
gn
iz
ed
th
at
ag
ri
cu
lt
ur
al
se
di
me
nt
,
fr
om
th
e
st
an
dp
oi
nt
of
bu
lk
,
is
th
e
ma
jo
r
po
ll
ut
an
t
to
th
e
La
ke
s.
Ho
we
ve
r,
to
si
mp
ly
br
an
d
it
as
th
e
mo
st
se
ri
-
ou
s
po
ll
ut
an
t
be
ca
us
e
of
qu
an
ti
ty
ma
y
be
an
er
ro
ne
ou
s
co
nc
lu
si
on
.
Se
di
me
nt
yi
el
d
to
th
e
Gr
ea
t
La
ke
s
wa
s
es
ti
ma
te
d
to
be
45
3,
90
0
me
tr
ic
to
ns
(5
00
,0
00
sh
or
t
to
ns
)
pe
r
ye
ar
in
th
e
ea
rl
y
18
00
's
.
Th
is
yi
el
d
ha
s
no
w
in
cr
ea
se
d
to
ab
ou
t
4,
31
6,
20
0
me
tr
ic
to
ns
(4
,7
57
,8
00
sh
or
t
to
ns
)
an
d
un
le
ss
an
in
te
ns
iv
e
la
nd
tr
ea
tm
en
t
pr
og
ra
m
is
in
st
i—
tu
te
d
th
e
se
di
me
nt
yi
el
d
is
ex
pe
ct
ed
to
in
cr
ea
se
to
4,
55
7,
10
0
me
tr
ic
to
ns
{5
,6
23
,0
00
sh
or
t
to
ns
)
by
20
20
.
Se
di
me
nt
yi
el
ds
of
th
is
ma
gn
i-
tu
de
,
wh
il
e
la
rg
er
th
an
th
ey
sh
ou
ld
be
fo
r
th
e
in
te
ns
it
y
of
de
ve
lo
p—
me
nt
wh
ic
h
ex
is
ts
,
ar
e
no
t
a
se
ri
ou
s
pr
ob
le
m
to
th
e
Gr
ea
t
La
ke
s
as
a
wh
ol
e.
Se
ri
ou
s
lo
ca
l
pr
ob
le
ms
ex
is
t
wh
er
e
st
re
am
s
di
sc
ha
rg
e
se
di
me
nt
in
to
th
e
La
ke
s.
Se
di
me
nt
at
th
es
e
lo
ca
ti
on
s
de
po
si
ts
in
ha
rb
or
s,
de
st
ro
ys
fi
sh
ha
bi
ta
t,
re
du
ce
s
th
e
re
cr
ea
ti
on
al
va
lu
e
of
th
e
la
ke
,
an
d
in
cr
ea
se
s
mu
ni
ci
pa
l
wa
te
r
tr
ea
tm
en
t
co
st
s.
 Section II—2
SCOPE OF STUDY
The
de
ta
il
s
of
thi
s
st
ud
y
co
ver
se
di
me
nt
fr
om
sh
ee
t
and
gu
ll
y
er
os
io
n
on
ag
ri
cu
lt
ur
al
lan
d
an
d
ur
ba
n
are
as
bu
t
no
t
fr
om
st
re
am
-
ban
k
ero
sio
n,
for
est
ed
lan
d,
tra
nsp
ort
ati
on
fac
ili
tie
s,
min
ing
pro
p-
ert
y,
or
re
cr
ea
ti
on
lan
d.
In
fo
rm
at
io
n
on
se
di
me
nt
fr
om
th
es
e
cat
e—
gor
ies
wil
l
be
loc
ate
d
in
the
ir
res
pec
tiv
e
rep
ort
s.
Ori
gin
all
y
the
se
di
me
nt
as
se
ss
me
nt
fr
om
ur
ba
n
lan
d
was
to
be
the
po
in
t
wh
er
e
se
di
me
nt
en
te
re
d
se
wer
s
or
ma
n—
ma
de
co
nv
ey
an
ce
s.
Thi
s
typ
e
of
br
ea
k-
do
wn
was
not
po
ss
ib
le
wi
th
in
the
tim
e
al
lo
tt
ed
so
thi
s
re
po
rt
in-
clu
des
all
se
di
me
nt
fr
om
sh
ee
t
an
d
gu
ll
y
er
os
io
n
on
ur
ba
n
lan
d.
The
ma
te
ri
al
co
ns
id
er
ed
fo
r
th
is
st
ud
y
co
ve
re
d
a
wi
de
ra
ng
e,
al
l
th
e
wa
y
fr
om
ge
ne
ra
l
re
po
rt
s
on
se
di
me
nt
at
io
n
to
pa
pe
rs
on
sp
ec
if
ic
subjects within the field.
Th
er
e
we
re
se
ve
ra
l
so
ur
ce
s
of
da
ta
wh
ic
h
we
re
co
ns
id
er
ed
.
Th
ey
in
cl
ud
e
fil
es
of
the
Soi
l
Co
ns
er
va
ti
on
Se
rvi
ce
,
fiv
e
An
no
ta
te
d
Bib
li—
og
ra
ph
ie
s
on
Hy
dr
ol
og
y
an
d
Se
di
me
nt
at
io
n
by
the
Wa
te
r
Re
so
ur
ce
s
Cou
n-
ci
l
or
it
s
pr
ed
ec
es
so
r
pl
us
on
e
by
th
e
US
GS
,
Ca
ta
lo
g
of
In
fo
rm
at
io
n
on
Wa
te
r
Da
ta
,
tw
o
In
ve
nt
or
ie
s
of
Se
di
me
nt
—L
oa
d
Da
ta
,
a
Su
mm
ar
y
of
Re
se
rv
oi
r
Se
di
me
nt
De
po
si
ti
on
Su
rv
ey
s,
15
is
su
es
of
No
te
s
on
Se
di
me
nt
at
io
n
Ac
ti
vi
ti
es
,
ab
st
ra
ct
s
fr
om
th
e
Sm
it
hs
on
ia
n
Sc
ie
nc
e
In
fo
rm
at
io
n
Ex
ch
an
ge
an
d
fr
om
th
e
Cu
rr
en
t
Re
se
ar
ch
In
fo
rm
at
io
n
Sy
st
em
.
Sp
ec
if
ic
so
ur
ce
s
ar
e
de
ta
il
ed
in
Se
ct
io
n
II
-3
.
Se
di
me
nt
at
io
n
as
a
sc
ie
nc
e
is
a
re
la
ti
ve
ly
yo
un
g
di
sc
ip
li
ne
.
Ac
ti
ve
in
te
re
st
in
th
e
fi
el
d
st
ar
te
d
in
th
e
ea
rl
y
19
30
's
an
d
ha
s
be
en
gr
ow
in
g
ev
er
si
nc
e
th
at
ti
me
.
It
wa
s
ju
st
th
is
ye
ar
(1
97
3)
th
at
th
e
Am
er
ic
an
So
ci
et
y
of
Te
st
in
g
Ma
te
ri
al
s
in
st
it
ut
ed
a
co
mm
it
te
e
on
th
is
su
bj
ec
t.
Si
nc
e
th
er
e
ha
s
be
en
an
in
cr
ea
si
ng
in
te
re
st
an
d
st
ud
y
of
th
is
di
sc
ip
li
ne
,
tr
em
en
do
us
pr
og
re
ss
ha
s
be
en
ma
de
in
pr
ed
ic
ti
ve
te
ch
ni
qu
es
an
d
me
as
ur
em
en
t
of
se
di
me
nt
.
Be
ca
us
e
of
th
e
dy
na
mi
c
pr
og
re
ss
th
at
ha
s
ov
er
ta
ke
n
th
e
di
sc
ip
li
ne
,
fe
w
pa
pe
rs
or
st
ud
ie
s
be
fo
re
19
50
we
re
co
ns
id
er
ed
ge
rm
an
e
to
th
is
re
po
rt
.
In
mo
st
ca
se
s
da
ta
de
ve
lo
pe
d
be
fo
re
19
50
ha
ve
be
en
re
fi
ne
d
an
d
ex
pa
nd
ed
to
th
e
po
in
t
wh
er
e
it
wo
ul
d
be
re
du
nd
an
t
an
d
po
ss
ib
ly
in
ap
pr
op
ri
at
e
to
us
e
th
e
ol
de
r
ma
te
ri
al
.
Th
er
ef
or
e,
no
ma
te
ri
al
re
fe
rr
in
g
sp
ec
if
ic
al
ly
to
th
e
Gr
ea
t
La
ke
s
wa
s
us
ed
wh
ic
h
wa
s
da
te
d
be
fo
re
19
50
.
Ho
we
ve
r,
a
bo
ok
by
H.
H.
Be
nn
et
t
of
19
39
vi
nt
ag
e
wa
s
in
cl
ud
ed
in
th
e
ge
ne
ra
l
reference material.
   
   
Section II~3
STUDY PROCEDURE
The study was accomplished by first conducting a literature re—
view. After this review contacts were madewith various research
personnel for interviews. The list of interviews does not necessarily
represent all individuals working on these “categories” who could
contribute data. It really represents those individuals which be-
cause of time and budget limitations could be contacted during the
course of normal work.
Interviews were held with:
Ohio State University
Agronomy Department
Dr. L. P. Wilding
Dr. T. Logan
Agricultural Engineering Department
Dr. G. O. Schwab
University of Cincinnati
Geology Department
Dr. P. E. Potter
Purdue University
Agronomy Department
Dr. J. V. Mannering
Dr. D. Wiersma
Agricultural Engineering Department
Dr. E. J. Monke
Agricultural Research Service
W. H. Wischmeier, Research Statistician
Soil Conservation Service
Lansing, Michigan
J. Thompson, Geologist
Madison, Wisconsin
P. Cavanaugh, River BasinParty Leader
R. N. Cheetham, Jr., Geologist
Columbus, Ohio
J. H. Harrington, Jr., State Conservation Engineer
Indianapolis, Indiana
E. Pope, State Conservation Engineer
L. Kimberlin, State Resource Conservationist
C. Gossett, Geologist
 
 Sources of literature which were reviewed are as follows:
1. Files of the Soil Conservation Service
2. Annotated Bibliography on Hydrology 1951—1954 and Sedi-
mentation 1950—1954. Bulletin No. 7, Dec. 1955, Sub—
committee on Hydrology and Sedimentation - Inter-Agency
Committee on Water Resources.
3. Annotated Bibliography on Hydrology and Sedimentation 1959—
1962 (U. S. and Canada). Bulletin No. 8, Sept. 1964, Sub-
committees on Hydrology and Sedimentation — Inter—Agency
Committee on Water Resources.
4. Annotated Bibliography on Hydrology and Sedimentation 1963-
1965, Bulletin No. 9, June 1969, Hydrology and Sedimentation
Subcommittee - Water Resources Council.
5. Annotated Bibliography on Hydrology and Sedimentation 1966—
1968, Bulletin No. 10, July 1970, Hydrology and Sedimentation .
Subcommittee - Water Resources Council. is}.
 
6. Annotated Bibliography on Hydrology and Sedimentation United
States and Canada, 1955—1958. United States Geological Sur—
vey, Water Supply Paper 1546, 1962.
Bulletin No. 2, Feb. 1950, Committee on Sedimentation —
Federal Inter-Agency River Basin Committee.
8. Catalog of Information on Water Data, Water Resources
Region (04) Great Lakes, Edition 1972. United States
1
I
7. Annotated Bibliography on Sedimentation. Sedimentation '
1
Geological Survey. ‘
9. Current Research Information System, USDA.
10. Great Lakes Framework Study, 1970.
11. Inventory of Published and Unpublished Sediment-Load Data
in the U. S. Sedimentation Bulletin No. 1, April 1949,
Subcommittee on Sedimentation, Federal Inter—Agency
River Basin Committee.
 
12. Inventory of Published and Unpublished Sediment—Load Data
United States and Puerto Rico, 1950-1960. U. S. Geological
Survey Water Supply Paper 1547, 1962.
13. Summary of Reservoir Sediment Deposition Surveys Made in
the U. S. Through 1970. United States Department of Agri-
culture, Misc. Publication 1266, July 1973.
-7-
    
14.
15.
16.
N
o
t
e
s
o
n
S
e
d
i
m
e
n
t
a
t
i
o
n
A
c
t
i
v
i
t
i
e
s
(
1
5
i
s
s
u
e
s
f
r
o
m
1
9
5
3
t
o
1
9
7
2
)
S
e
d
i
m
e
n
t
a
t
i
o
n
C
o
m
m
i
t
t
e
e
-
W
a
t
e
r
R
e
s
o
u
r
c
e
s
C
o
u
n
c
i
l
.
S
m
i
t
h
s
o
n
i
a
n
S
c
i
e
n
c
e
I
n
f
o
r
m
a
t
i
o
n
E
x
c
h
a
n
g
e
,
I
n
c
.
U
r
b
a
n
H
y
d
r
o
l
o
g
y
-
A
D
e
t
a
i
l
e
d
B
i
b
l
i
o
g
r
a
p
h
y
W
i
t
h
A
b
s
t
r
a
c
t
s
,
U.
S.
G
e
o
l
o
g
i
c
a
l
S
u
r
v
e
y
W
a
t
e
r
R
e
s
o
u
r
c
e
s
I
n
v
e
s
t
i
g
a
t
i
o
n
s
3
-
7
2
.
 
 Section III—1
GENERAL DESCRIPTION OF LAND USE ACTIVITY
Sediment sources have been classified according to causative
factors, eroding agent, location and other criteria. Thus, there
are man—made (accelerated) and natural geologic erosion; water, wind,
ice and gravity erosion; and erosion of the land surface (sheet-rill)
or drainageway (gully—channel) erosion.
For the Great Lakes Basin,
the predominant sediment sources are from sheet—rill erosion of culti-
vated soils.
Agricultural land, because of type and intensity of use and be-
cause of the large area exposed and its susceptibility to erosion
supplies the greatest amount of sediment yield to the Great Lakes.
Approximately 80 percent of the sediment delivered to the Great
Lakes comes from sheet, rill and gully erosion on agricultural and
urban land.
The remainder is from sheet and gully erosion on forest
land,
from
road banks,
stream banks,
and municipal
and industrial
wastes.
The most widespread influence, other than on site land damage
from the erosion process,
is the downstream effect on water and re-
lated land resources.
Runoff water carries the product of erosion,
and other solid wastes,
and deposits this product as sediment.
Some-
times this product remains suspended in the downstream waters for
prolonged periods and constitutes a detrimental element to the
quality of water.
 
 Section III-2
LENGTH OF TIME ACTIVITIES IN PROGRESS
Erosion and the resultant sediment yield are natural processes
and as such have been continually active. Before settlement of the
land, most of the streams in the basin probably ran clear except for
periods of flood and high water. Accelerated erosion no doubt started
in the middle 1800's with land settlement, land clearing, and with
shifting much of this land into farms (22)l/. Land settlement combined
with poor farming methods and urban construction practices started the
trend which has continued until recently of an ever increasing sediment
yield to the lakes.
 
The discussion of the magnitude of erosion and sediment yields to
the Lakes during this early period is mostly conjecture because little
data on this subject were obtained until fairly recently. Even today
there are insufficient data to make more than estimates of the prob—
lem. However, the beginning of the accelerated erosion process could
not have been before land settlement and the farm population by 1850
was such that had records of soil erosion and sediment yield been kept
they certainly would have recorded a noticeable change from the period
before 1800. This has been verified by Kemp using pollen variations
in recent lake sediments (22).
 
Since the premise has been made that accelerated erosion and
sediment yield to the Lakes is related to the amount of land used as
cropland, the following table might be of interest (12).
  
Date Cropland (U. S. Portion of the Basin)
(millions of {millions of
hectares) acres)
1800 - —
1850 1.8 4.4
1920 5.3 13.0
1970 13.0 32.1
3/ Numbers in parentheses refer to references cited in section VII,
Principal References.
 
 Section III-3
TYPES AND NATURE OF POLLUTANTS ASSOCIATED WITH SEDIMENT
A large proportion of pesticides, plant nutrients, nuclear
fallout and infectious particles leave the land and enter water
bodies by attachment to sediment particles.
The amount of nitrogen, phosphorus, and potassium reaching
surface waters that can be attributed to the fertilization of agri-
cultural lands are yet unknown. Not all nutrients in waters come
from fertilizers. Large amounts come from decomposition of soil
organic matter and other sources. Little phosphorus can be lost
from most soils except by erosion. Nitrogen may be in organic
compounds carried by sediment, from decaying plants which might
have gotten the nitrogen from fertilizers, or the atmosphere.
Levels of pesticides found to move from agricultural lands
may be found in varying amounts in the runoff water and/or sedi—
ments. For example, studies by the Agricultural Research Service
show that the amount of DDT residue in soils was related to the
amount of DDT applied in previous years. The amount of DDT
dissolved in runoff water was not detectable but significant
levels were found adsorbed on surfaces of sediment particles.
 
 
 Section III—4
STATE OF THE ART
There are several ways to determine the sediment yield of a water—
shed depending upon the physical features and the data available (30).
Average annual sediment yields may be obtained from: (1) sediment load
records; (2) gross erosion and sediment delivery ratios; (3) measured
sediment accumulation; and (4) predictive equations.
Suspended load records.—-The most reliable method of determining
sediment yield from large watersheds. Suspended sediment transported
by a stream may be measured by sampling. Water discharge can be de-
termined by gaging at particular stream cross sections. Sediment
yields may be estimated from these data. When field data are obtained
in a proper manner for an appropriate period of time, the calculated
average annual suspended sediment yield can be considered quite re-
liable.
There are literally hundreds of streams draining into the Great
Lakes but unfortunately only a few have stations where suspended load
is measured. Of the 1329 stations recorded only 60 have sediment data
(10)(33). Of these 60, most of them, or 48, have a record of over 5
years but only 12 have a record over 10 years. Of those stations
with over 10 years record only 3 have weekly or daily records. Table
1 is an inventory of all sediment stations on streams in the Great
Lakes Basin showing the name of station, location, and type of in-
formation acquired (10)(33).
In order to estimate suspended load to the Lakes the stations
should be as close to the mouth of the stream as technically feasible
so as to keep unmeasured flows below the station to a minimum. Many of
the above mentioned stations are not located at the mouths of streams
but are well up in the watershed. They were not established for the
primary purpose of estimating suspended sediment yield to the Lakes.
Suspended load is only part of the total load moving in a
stream. The other portions are bed load and sediment attached to
floating material. These items are considerably more difficult to
measure. Bed load often is estimated as a percentage of suspended load.
Gross erosion and sediment delivery ratios --- This method has
been used with success by the Soil Conservation Service for many years
(30). It is well suited for estimating current sediment yields and
predicting the effect of land treatment and other measures on future
sediment yields. The estimate of sediment yield is made by use of the
following equation:
Y = E(DR)
-12-
 
   
where Y = sediment yield (tons/unit area/year)
E = gross erosion (tons/unit area/year)
DR = sediment delivery ratio (DR less than 1)
The gross or total erosion is the summation of all the water
erosion taking place.
It is developed by the use of Universal Soil
Loss Equation or other methods. The sediment delivery ratio is selec-
ted from various curves after considering the following:
(1) type of
sediment sources; (2) magnitude and proximity of sediment sources;
(3) the transport system; (4) texture of eroded material; (5) deposi—
tional areas enroute from source to point of consideration; and (6)
watershed characteristics.
The product of gross erosion and sediment
delivery ratio is the sediment yield.
While this procedure has worked well in the past, it has been de—
veloped and used on watersheds of less than 1,036 square kilometers
(400 sq. miles).
The delivery ratio curve is only plotted for water-
sheds up to 1,554 square kilometers
(600 sq. miles).
The use of this
technique
for
catchments
such
as
the Maumee
River of about
3,315
square
kilometers
(1,280 sq. miles) and The Grande River of about 14,660 square
kilometers (5,660 sq. miles) by extending the curve might be expanding
the
curve past
its
limits
of accuracy.
Also
the soil
loss
equations
were not
developed
for prediction
on
large
areas
of less
than
1 percent
slope.
However,
the data developed by this technique has checked reason-
ably well with the few suspended load stations.
Measured
sediment
accumulation
-— The measured sediment
accumula—
tion
in reservoirs
of known
age and history are
excellent
sources
of
data
for establishing sediment yields
(30).
However,
reservoir deposi-
tion and
sediment yield are not
synonymous.
The
amount of accumulated
sediment
must be divided by the reservoir's
trap
efficiency
to obtain
the
sediment
yield.
This
takes
into
account
the
amount
of
sediment
that passed through the reservoir.
The sediment yield
of an
unmeasured watershed may
be
estimated
from
that
of
a measured
watershed
in
an
area
where
the
topography,
soils,
and
land
use
are
similar.
In order
to
directly
transpose
sediment
yield
data,
the
size
of
the
drainage
area
of
the
surveyed
reservoir
should
not
be
less
than
one-half
nor
more
than
twice
that
of
the
watershed
under
considera—
tion.
Beyond
these
limitations
the annual
sediment yield may be
adjusted
on
the
basis
of
curves
and
formulas
after
considering
the
same
factors
listed
under
the
delivery
ratio
discussion.
Unfortunately
only
52
reservoirs
have
been
surveyed
in
the
Great
Lakes
Basin
and
none
of
them
have
watersheds
of
a
size
comparable
to
the
major
stream
systems
(5).
As
in
the
discussion
of
suspended
load
the
formulas
and
curves
were
developed
for
catchments
of
less
than
1,036
square
kilometers
(400
sq.
miles).
Extrapolating
this
data
to
watersheds
the
size
of
major
streams
in
the
Great
Lake
Basin
might
be
overextending
the
accuracy
of
the
curves
and
formulas.
Table
2
is
a
list
of
all
reservoirs
surveyed
for
sediment
in
the
Great
Lakes
Basin
showing
name
-13-
 of reservoir, location, date of survey, drainage area, storage
capacity, and total and average sediment accumulation.
Predictive equations —- Predictive equations based on watershed
parameters have been developed in some areas to estimate sediment
yield (30). These equations express sediment yield as a function
of a combination of several measurable, independent variables. The
variables may be the size of the drainage area, annual runoff, water-
shed shape, relief—length ratio, average slope, and expression of
the particle size of the surface soil and others.
Such equations are not numerous but, where developed, they can
be used with the understanding that their application must be confined
to the specific area they represent. All formulas of this type so
far have been developed in the western United States. Since none of
these formulas are known to have been developed which are applicable
to the Great Lakes Basin this approach does not appear viable.
A review of the methods used to predict or determine sediment
yield would be incomplete without a discussion of erosion and prob-
lems of determining its magnitude.
Investigations have identified the basic factors involved in
the sheet erosion process to be rainfall, soil erodibility, slope
length, slope gradient, kind and condition of cover and an erosion
control factor such as contouring. These factors have been incor-
porated into equations that provide a means of obtaining a quanti-
tative estimate of the amount of soil material moved by the sheet
erosion process. The basic procedure and weaknesses as applied
to the Great Lakes Basin were mentioned previously under gross ero-
sion and sediment delivery ratios.
The factors listed above most susceptible to change by man
are kind and condition of soil cover and slope length. When the
kind or condition of the soil cover is improved such as using a
cover crop rather than leaving the land bare or the slope length
decreased by means of terraces less soil is eroded. A quantitative
estimate of the change can be determined by use of the equations.
Information obtained in this manner is normally from small catchments
because the factors necessary for use in the equation are not usually
available for the larger basins. Also, while we know that structural
measures, which can effect slope length, can cause a reduction of
erosion we do not have precise techniques for predicting the exact
amount ofthis reduction from large areas.
Gullies usually follow rill erosion, beginning in slight depres-
sions of the land surface where in time the concentrated flow may
cut a considerable channel. The shape of the channel is generally
influenced by the relative resistance of the soil or underlying rock.
-14-
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Another method is to use the gross erosion and sediment delivery
ratio technique. Watersheds under urban development usually are
small enough that size is not a limitation. However, potential soil
loss equations were not developed with urban criteria so modification
of the equations could introduce an error.
A topic which has not been didcussed is the availability of
soils information. This information is in Published Soil Surveys.
Published Soil Surveys contain a wealth of data which is essential
for making predictions on erosion, sediment yield and planning for
conservation treatment. Soil series and phase, and land capability
classification are but a few of the items available in the report
which are useful to the individual working in this discipline.
The attached map of the Annual Status of Soil Surveys shows
that mapping is completed or in progress on approximately 98% of
the U. 5. portion of the Basin and that emphasis for completion
is given to the most intensively used areas. It also shows that
mapping is less than 50% complete in about 60% of the Basin. For
small detailed sedimentation studies where published soil surveys
are not available personal interviews with the soil survey party
leader can probably furnish sufficient data. It would not be
practicable to interview all the individuals necessary for a
lar
ge
bro
ad
gen
era
l s
tudy
.
In
this
case
it
wou
ld
be
most
des
ira
ble
to
hav
e P
ubl
ish
ed
Soil
Sur
veys
avai
labl
e.
The
late
st
est
ima
te
on
com
ple
tio
n o
f s
oil
map
pin
g i
n t
he
Bas
in
is
1995
wit
h p
res
ent
fund
s,
or 1990 with additional funds.
Soi
ls
inf
orm
ati
on
wit
h a
les
s i
nte
nsi
ve
app
roa
ch
tha
n t
hat
con
tai
ned
in
the
Soil
Sur
vey
Rep
ortca
n b
e o
bta
ine
d f
rom
a G
ene
ral
Soil
Map.
Such
maps
hav
e b
een
com
ple
ted
for
all
stat
es
in
the
U.
S.
por
tio
n o
f t
he
Bas
in.
Gen
era
l S
oil
Map
s a
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als
o a
vai
lab
le
for
most counties.
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PART B
—— QUAL
lTY O
F SUR
FACE
WATER
Statio
ns in
this P
art ar
e arra
nged i
n dow
nstre
am ord
er. Th
at
is, s
tati
ons
are
liste
d in
a do
wnst
rea
m di
rect
ion
alon
g th
e ma
in
stre
am,
and
stat
ions
on
trib
utar
ies
are
liste
d b
etwe
en
main
-
stre
am
stat
ions
that
are
upst
ream
and
down
str
eam
from
the
mou
th o
f th
e tr
ibut
ary.
Stat
ions
on t
ribu
tari
es t
hat e
nter
abov
e
the
firs
t m
ain
-st
rea
m s
tati
on
are
list
ed
bef
ore
the
first
mai
n—
str
eam
stat
ion.
Stat
ions
on
trib
utar
ies
to t
ribu
tari
es a
re l
iste
d in
a s
im
il
ar
ma
nn
er
.
Pag
es
in t
his
list
ing
are
arr
ang
ed
so
tha
t s
tat
ion
ide
nti
fic
ati
on.
inc
lud
ing
per
iod
of
rec
ord
and
sto
rag
e o
f d
ata
. a
re
on
the
left
-
han
d
pag
es,
and
the
typ
es
of
dat
a a
vai
lab
le
are
on
the
fac
ing
rig
ht-
han
d p
age
s.
Fol
low
ing
are
bri
ef
exp
lan
ati
ons
of
the
maj
or
col
umn
hea
din
gs o
f th
e st
atio
n li
stin
gs i
n Pa
rt
B:
Expl
anat
ion
of M
ajor
Col
umn
Head
ings
in Pa
rt B
Ma
p N
umb
er
Geo
gra
phi
c u
nit
and
sub
uni
t i
n w
hic
h s
tati
on
is l
ocat
ed
(see
Fi
g.
l)
.
Ol
t’
DC
Nu
mb
er
Thi
s n
umb
er,
ass
ign
ed
by
OW
DC
. i
s u
sed
to
ide
nti
fy
a s
pec
ifi
c
data
-acq
uisi
tion
acti
vity
inc
lud
ed i
n th
e Ca
talo
g, a
nd
to c
ross
tie
the
ent
ry
in t
he
list
ing
wit
h th
e pl
ot o
n th
e c
omp
ani
on
stat
ion-
locati
on map
s.
Agenc
y Sta
tion N
umbe
r and
Name
Assigned b
y reporting
agency. To
meet space
limitations,
the
following a
bbreviation
s generally
are used in
the station
names;
in some ins
tances, othe
rs may hav
e been used
:
AB
Abov
e
MF
BL
Belo
w
NF
B
Bran
ch
SF
EB
East B
ranch
WF
MB
Midd
le B
ranc
h
L
NB
Nort
h Br
anch
LK
SB
Sout
h Br
anch
M
Midd
le
WB
West
Branc
h
N
North
BK
Broo
k
NR
Near
C
Cree
k
P
Pon
d
CA
Cana
l
R
Rive
r
CL
Coul
ee
RE
Rese
rvoi
r
l)
Ditch
RN
Run
Dl
Distr
ibuta
ry
S
Sout
h
E
East
STR
Str
eam
ES
Estu
ary
TR
Trib
utar
y
F
For
k
W
Wes
t
EF
East
Fork
Middle Fork
North
Fork
South Fork
West
Fork
Little
Lake
Lat
itu
de-
Lon
git
ude
As g
iven
by t
he r
epor
ting
agen
cy.
 
 St
at
e
an
d
Co
un
ty
Symbols are used for States (and other areas). and code
numbers are used for counties and independent cities in accord-
ance with Federal Information Processing Standards (see Table
4).
Site
Type of water body for which data are acquired at the listed
station: Stream, Canal, Lake, Reservoir (Reser), Estuary
(Estary), Spring. Drain, Other.
Period of Record
Calendar year of beginning or ending of station activity.
Interrupted Record
Asterisk (*) indicates that during the period of record, data
acquisition was suspended one or more times for an interval of
one yea
r or mor
e.
Storage
of Data
Asterisk (*) indicates in what form data are stored.
~
2
0
-
 
Types of Data
Frequ mey of determination or measurement of a parameter
listed is indicated by the following numbers. lfpart or all of the
data are telemetered, this is shown by the letter “T.”
Monthly
Quarterly
Annual
Other periodic
l. Continuous
2. Seasonal
3. Daily
4
.
v
i
x
o
'
b
'
o
o
'
An asterisk (*) indicates that the parameter has been measured,
but the measurement was discontinued. or that frequency is
unknown.
Supplementary data
Asterisks (*) are used in appropriate columns to indicate other
types of water-data activities at the site.
Age/Icy Reporting
Agency codes are given in Table l.
-
2
1
-
111-4
 
Table 2 Rese
rvoir Sedime
nt Surveys i
n the U. S.
Portion of t
he Great Lak
es Basin
 
1
/
0
1
1
0
.
Reservoir
Lake Rockwell
ditto
Babb Pond
ditto
Basom Pond
ditto
Christener Pd.
ditto
Schoenbeck Pd.
dit
to
East Branch
ditto
Centerville
Mills
ditto
Grand
ditto
Goller Pond
ditto
Auglaizer
Power
d
i
t
t
o
1/ From Great Lakes
Nearest
Town - State
Kent, Ohio
ditto
Richfield, Ohio
ditto
Hudson, Ohio
ditto
Parma, Ohio
ditto
Richfield, Ohio
ditto
Burton, Ohio
ditto
Aurora, Ohio
ditto
Celina, Ohio
ditto
Defiance, Ohio
ditto
mﬁmw,%m
ditto
Basin Framework Study, App.
Date of
Survey
Aug. 1914
Aug. 1950
19
32
Apr. 1951
19
44
Apr. 1951
1940
Apr. 1951
1940
Apr. 1951
1939
Jun. 1949
1855
1949
1844
Aug. 1940
Mar. 1945
Aug. 1951
1912
1951
Net
Sq
Km
521
.4
ditto
0.05
ditto
0
.
8
3
ditto
ditto
0.08
ditto
43.
72
ditto
26.9
ditto
240.9
ditto
0.06
ditto
6,024
ditto
18, Erosion
Drainage
Area
Sq Mi
(124.10)
dit
to
(0.
02)
ditto
(0.32)
ditto
(0.09)
dit
to
(0.03)
ditto
(16.88)
ditto
(10.38)
ditto
(93.0)
ditto
(0.0
24)
ditto
(2,326.0)
ditto
Total Sediment
Accum.
Storage
Capacity
Average Annual
Sediment Accum.
Cu M Ac Ft Cu M Ac Ft Cu M Ac Ft
9,160,
000
(7,423
.0)
—
—
-
_
8,499,000 (6,887.0) 661,400 (536.0) 18,400 (14.88)
302 (0.245) - — - -
233 (0.189)
69 (0.056) 4 (0.003)
4,780
(3.87)
—
-
_
_
4,000 (3.24)
780 (0.63) 120 (0.096)
4,200 (3.40) ~
-
-
_
3,440 (2.79)
750 (0.61) 68 (0.055)
1,830
(1.48)
_
-
-
_
1,590 (1.29) 230 (0.19) 21 ,(0.017)
5,749,000 (4,659.0) - - - —
5,596,000 (4,535.0) 153,000 (124.0) 15,300 (12.4)
106,500 (86.3) - - — —
47,300 (38.3) 54,300 (44.0) 580 (0.463)
160,636,
000 (
130,175)
-
—
-
_
131,551,000 (106,605) 29,085,000 (23,570.0) 303,000 (245.5)
11,700
(9.5)
—
_
-
-
11,600 (9.4) 123 (0.1) 19 (0.015)
17,770,000
(14,400.0)
-
-
-
‘
14,314,000 (11,600.0) 3,455,200 (2,800.0) 88,500 (71.75)
and Sedimentation.
  
  
Table 2
continu
ed
I
n
.
4
1
4
.
a
n
.
4
Reservoir
w
]
'gle Creek
 
Beetree Creek
ditto
Butt Pond
Harrison Lake
Nearest
Town - State
Defiance, Ohio
ditto
Defiance, Ohio
 
Date of
Su
rv
ev
Jul.
Ju
n.
Ju
l.
19
12
1951
19
12
1951
1947
1951
1941
1949
 
Sixziie Creek
Bur:
Lake
ditto
Kohart
Pond
ditto
ditto
 
001,
Ohio
ditto
Grover Hill,
Ohio
oitto
Ju
n.
Jul.
1949
1947
1951
Net Drainage
Ar
ea
Sq Km
Sq Mi
13.5 (5.2)
ditto ditto
5.0 (1.91)
ditto
(0.012)
ditto ditto
96.0
(37.0)
ditto ditto
ditto
(0.035)
ditto
7.2
2.79)
ditto ditto
0.34 (0.13)
ditto ditto
55.4 (31.4)
ditto ditto
1.9 (0.74)
ditto
ditto
0.05 (0.019)
ditto
Storage
Capacity
Cu
M
159,000
91,300
132,000
3,090
1,22
3,00
0
1,146,500
1,113,500
0,270
5.810
293,000
309,000
11,350
$55,000
2,800
70,340
2,930
2,590
Ac Ft
(129.0)
(74.0)
(143.0)
(104.0)
(2.6)
(2.5)
(991.0)
(92
.1)
(9
02
.4
)
(5.
08)
(4.71)
(241.0)
(213.0)
(9.2)
(7.9)
(995.0)
(096.0)
(59.0)
(57.0)
(2.
4)
Total Sediment
Accum.
Cu
M
67,870
76,400
33,000
457
29,620
1,600
369,000
2,470
123
(24.0)
(1.3)
(299.0)
(2.0)
(0.1)
Average Annual
Sedimen
t Accum
.
Ac Ft
Cu
M
  
as
(0.055
)
988 (0.8)
401
(0.325)
9,4
70 (7.67)
881 (0.714)
16 (0.0128)
 
 -
2
3
.
.
 
Tab
le
2 c
ont
inu
ed
   
23
mN
2
6
.
Reservoir
Van Buren Lake
ditto
ditto
Lake Rushford
ditto
Mount Morris
ditto
ditto
Orchard Park
Saline Mill
Bridgeway
Franklin Mill
Tecumseh
(Evans)
Sharon Hollow
Norvell
Brooklyn
Manchester
(Power)
Manchester
(Mill)
Kent Lake
Nearest
Town - State
Findlay, Ohio
ditto
Nov.
ditto
Aug.
Coneadea, N.Y.
ditto
Mt. Morris,
N.Y.
Mt.
Morris,
N.Y.
Mt.
Morris,
N.Y.
Buffalo,
N.Y.
Saline, Mich.
Mar.
Ann Arbor, Mich. Mar.
Franklin, Mich.
Apr.
Tecumseh, Mich.
Apr.
Manchester,
Mich.
May,
Norvell, Mich. May,
Brooklyn, Mich. May,
Manchester,
Mich.
May,
Manchester,
Mich.
May,
Milford, Mich.
Jun.
Date of
Survev
1939
1948
1951
1925
1951
1951
19
57
1963
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
Net Drainage
Sq Km
58.8
ditto
ditto
157.2
ditto
2619
ditto
ditto
4.4
163.2
19.4
68.1
64.8
65.5
16.1
16.6
44.0
114.0
Area
Sq Mi
(22.72)
ditto
ditto
(60.7)
ditto
(1011.0)
ditto
ditto
(1.7)
(63.0)
(7.5)
(26.3)
(25.0)
(25.3)
(6.2)
(6.
4)
(17.0)
(44.0)
Storage
Capacity
Cu
M
306,000
253,000
229,500
34,552,000
33,844,000
417,104,000
415,378,000
413,875,000
296,000
94,600
120,700
281,100
318,500
885,500
307,600
356,500
26,300
26,166,000
Ac
Ft
(248.0)
(205.0)
(186.0)
(28,000.0)
(27,426.0)
(338,010.0)
(336,611.0)
(335,393.0)
(240.1)
(76.7)
(97
.8)
(227.8)
(258.1)
(717.6)
(249.3)
(288.9)
(21.3)
(21,204.0)
Total Sediment
Cu
M
53,100
23,400
708,300
1,714,000
3,106,000
136,400
35,500
104,500
164,200
140,900
265,700
77,700
36,300
12,960
2,628,000
Accum.
Ac Ft
(43.0)
(19.0)
(574.0)
(1,389.0)
(2,517.0)
(110.5)
(28.8)
(84.7)
(133.1)
(114.2)
(215.3)
(63)
(29.4)
(10.5)
2,130)
Average Annual
Sediment Accum.
Cu M
5,580
8,370
27,270
285,000
269,000
284
4,390
864
790
1,160
3,330
2,650
3,700
1,580
210
136,600
Ac Ft
(4.52)
(6.78)
(22.1)
(231.0)
(218.0)
(0.23)
(3.56)
(0.70)
(0.64)
(0.
94)
(
2
.
7
)
(2.15)
(3.0)
(1.28)
(0.
17)
(11
0.7
)
 
  
Table 2 continued
 
Net Drainage
Storage
Total Sediment
Average Annual
Nearest
Date of
Area
Capacity
Accum.
Sediment Accum.
Reservoir
Town - State
Survey
Sq Km
Sq Mi
Cu M
Ac Ft
Cu M
Ac Ft
Cu M
Ac Ft
3
5
Stony Creek
M‘. Vernon,
(North)
Mich.
Jun.
1969
145.0
(56.0)
1,229,100
(996.0)
139,440
(113)
22,130
(17.93)
36.
Stony
Creek
Mt.
Vernon,
(South)
Mich.
Jun.
1969
145.0
(56.0)
4,848,000
(3,929.0)
330,700
(268)
52,490
(42.54)
37.
Oakwonds
Flat
Rock,
Metro.
Mich.
Jun.
1969
81.8
(31.6)
1,161,400
(941.2)
372,000
(301.5)
8,450
(6.85)
38.
Bellevi11e
Belleville,
.
Mich.
Jul.
1969
52.6
(20.3)
24,612,000
(19,945.0)
2,424,800
(1,965)
60,710
(49.2
39.
Ford
Lake
Ypsilanti,
Mich.
Jul.
1969
29.0
(11.2)
22,121,000
(17,926.0)
2,271,800
(1,841)
63,060
(51.1)
40.
Barton Pond
Ann Arbor,
Mich. Jul.
1969
474.0
(183.0)
3,887,100
(3,150.0)
677,500
(549)
12,550
(10.17)
41.
Iron
M111
Manchester,
Mich.
Aug.
1969
13.5
(5.2)
1,913,900
(1,551.0)
485,000
(393)
4,850
(3.93)
 
,
42.
Tecums
?ecumseh,
2
Red
(M111)
Mich.
Aug.
1969
67.1
(25.9)
855,400
(677.0)
420,800
(341)
4,210
(3.41)
43.
H.
N.
Fry
Onsted,
Mich.
Aug.
1969
32.4
(12.5)
149,700
(121.3)
6,540
(5.3)
938
(0.76)
.
V
V
Newburgh
Plymouth,
Mich.
Sep.
1969
140.6
(54.3)
824,100
(667.8)
129,400
(104.9)
3,590
(2.91)
45.
Adrian
Adrian,
Mich.
Sep.
1969
152.8
(59.0)
1,234,000
(1,000.0)
183,900
(149.0)
6,570
(5.32)
46.
Waterford
Northville,
Mich.
Sep.
1969
140.0
(54.0)
213,480
(173.0)
88,800
(72.0)
888
(0.72)
~i.
Phoenix
Plymouth,
Mich.
Sep.
1969
147.1
(56.8)
277,700
(225.0)
65,800
(53.3)
654
(0.53)
48.
Fenton
Mill
Fenton,
Mich.
Jan.
1970
116.6
(45.0)
549,100
(445.0)
236,900
(192.0)
1,780
(1.44)
49.
Elsie
Eisie,
Mich.
Nov.
1964
497
(192.0)
137,000
(111.0)
72,700
(58.9)
-
-
50.
Rockford
Rockford
583
(225.0)
109,800
(89.0)
55,000
(44.6)
-
-
51.
Fish
Creek
Carsonville,
Mich.
319
(123.0)
122,200
(99.0)
36,200
(29.3)
-
-
52.
Stronach
Wellston,
Mich.
Jan.
1953
604
(233.0)
784,800
(640.0)
756,400
(613.0)
18,450
(14.95)
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 Section III-5
MOBILITY OF SEDIMENT WITHIN SURFACE AND GROUND-WATER SYSTEMS
Erosion is caused by and sediment derived from the action of
moving water,
ice, or wind on rock and soil.
Of the above agents
moving water is predominant in the Great Lakes Region.
The transport of sediment occurs by two general processes, as a
suspension in the water and as a bedload movement.
When sediment is
transported in suspension in the water it is referred to as "suspended
load" and when it is moved along the bottom it is called "bedload."
There are apparently no sharp divisions between the two forms of
transport except that bedload moves closeto the channel bottom where-
as the suspended load is dispersed throughout the depth and width
of the moving water. The physical mechanism of both forms of trans-
port is very complex and it is beyond the purview of this report
to explore its nature.
Generally, bedload movement involves the more coarse textured,
heavy materials that require relatively high channel velocities.
Suspended sediment movement occurs in moving water over a much wider
range of velocities. In both forms of sediment transport, depth
of flow, velocity of flow, and the nature of the material being
transported are important factors in sediment transport rates.
The quantitative role that each of two broad forms play in the
transport of sediment in the Great Lakes Basin is not known. Much
evidence, Visual observation, and logic leads to the conclusion
that the majority of sediment transport occurs as suspended sedi-
ment. It is estimated that the quantity of bedload will not exceed
10 percent of the suspended load.
Sediment does not often get into the ground-water system. This
is because the soil acts as a very effectivefilter and removes the
sediment very soon after water begins to move through the soil. It
is conceivable sediment laden water could get into the ground-water
through fractures in rock or by overflowing into wells which pene-
trate fractured rock. It is not felt that this condition is preva-
lent.
-26-
 
    
Section III—6
NATURAL RENOVATION MECHANISM AVAILABLE TO REMOVE POLLUTANTS AND
CONTAMINANTS (PHYSICAL, CHEMICAL, BIOLOGICAL)
Natural renovation mechanisms that remove sediment which are
different from the natural process now utilized in soil conserva—
tion practices are limited. The most common and effective mechanism
used is vegetation. Given sufficient plant cover soil erosion can
be held to a minimum. Many of the soil conservation practices
listed in Section V are based on this principle.
The effectiveness of vegetation as an erosion retardant varies
widely. For example, erosion rates on a field can be reduced by 60%
by converting from continuous corn to a rotation of two years corn,
one year small grain, and one year grass and clover meadow. Con—
version to continuous pasture would reduce erosion even more while
conversion from close growing crops to pasture would reduce erosion
at a lesser rate. Another example might be exclusion or management
of livestock to allOw the natural plant growth to regain adequate
cover to protect the soil.
The other soil conservation practices listed in Section V
also were developed to take advantage of natural processes. Debris
basins and reservoirs are constructed to exploit the fact that
gravity causes particles in suspension in the water to settle in the
reservoir. Terraces and diversions reduce slope lengths. Minimum
tillage, chiseling, incorporating residues into the soil and other
such practices increase infiltration and decrease runoff. Other
management, land treatment and structural measures utilize some
natural physical process to effect a reduction in erosion or sedi-
ment yield. The effectiveness of these practices also varies widely.
A reservoir can be from 100% effective to nearly ineffective depending
on the reservoir trap efficiency. The other practices vary almost
as much in effectiveness.
Both chemical and biological actions can take place which
cause either retention of soils in place or deposition of sediment
enroute. Vegetative growth which protects soils can be stimulated
by fertilizers. Better soil structure which promotes infilgration
and reduced runoff can be developed by the incorporation of crop
residues into the soil. This interaction of the physical, chemiCal,
and biological actions is extremely complex and in many cases more
than one process is involved in reducing erosion and sediment yield.
More often than not chemical and biological actions complement
physical actions in the incorporation of conservation practices on
melmm.
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s
e
d
i
m
e
n
t
y
i
e
l
d
s
to
t
h
e
G
r
e
a
t
L
a
k
e
s
f
o
r
s
p
e
c
i
f
i
e
d
y
e
a
r
s
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
a
n
d
u
r
b
a
n
l
a
n
d
w
o
u
l
d
b
e
i
n
f
o
r
m
a
t
i
v
e
.
D
a
t
a
o
f
t
h
i
s
t
y
p
e
w
e
r
e
n
o
t
a
v
a
i
l
—
a
b
l
e
s
o
i
t
w
a
s
d
e
v
e
l
o
p
e
d
i
n
t
h
e
f
o
l
l
o
w
i
n
g
m
a
n
n
e
r
:
D
a
t
a
w
e
r
e
a
v
a
i
l
a
b
l
e
o
n
t
h
e
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
s
h
e
e
t
e
r
o
s
i
o
n
t
o
e
a
c
h
o
n
e
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
(8).
S
i
n
c
e
t
h
i
s
f
i
g
u
r
e
i
n
c
l
u
d
e
d
b
o
t
h
f
o
r
e
s
t
a
n
d
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
t
h
e
c
o
n
t
r
i
b
u
t
i
o
n
f
r
o
m
f
o
r
e
s
t
l
a
n
d
n
e
e
d
e
d
t
o
b
e
d
e
l
e
t
e
d
t
o
l
e
a
v
e
o
n
l
y
s
h
e
e
t
e
r
o
s
i
o
n
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
.
T
h
i
s
w
a
s
d
o
n
e
b
y
a
p
p
l
y
i
n
g
a
w
e
i
g
h
t
e
d
f
a
c
t
o
r
w
h
i
c
h
c
o
n
s
i
s
t
e
d
o
f
a
c
o
m
b
i
n
a
t
i
o
n
o
f
t
h
e
e
r
o
s
i
o
n
r
a
t
e
s
f
o
r
e
a
c
h
l
a
n
d
u
s
e
a
n
d
a
m
o
u
n
t
o
f
e
a
c
h
l
a
n
d
u
s
e
.
T
h
i
s
f
a
c
t
o
r
t
i
m
e
s
t
h
e
s
h
e
e
t
e
r
o
s
i
o
n
f
i
g
u
r
e
g
a
v
e
t
h
e
1
9
7
0
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
s
h
e
e
t
e
r
o
s
i
o
n
o
n
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
.
T
h
e
n
a
f
a
c
t
o
r
o
f
3
p
e
r
c
e
n
t
f
o
r
g
u
l
l
y
e
r
o
s
i
o
n
w
a
s
a
d
d
e
d
t
o
t
h
e
s
h
e
e
t
e
r
o
—
s
i
o
n
s
e
d
i
m
e
n
t
y
i
e
l
d
f
i
g
u
r
e
t
o
o
b
t
a
i
n
t
h
e
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
a
g
r
i
-
c
u
l
t
u
r
a
l
l
a
n
d
f
r
o
m
s
h
e
e
t
a
n
d
g
u
l
l
y
e
r
o
s
i
o
n
f
o
r
1
9
7
0
.
T
o
e
s
t
a
b
l
i
s
h
t
h
e
s
e
d
i
m
e
n
t
y
i
e
l
d
s
f
o
r
f
u
t
u
r
e
d
a
t
e
s
,
t
h
e
p
r
e
s
e
n
t
s
e
d
i
m
e
n
t
y
i
e
l
d
w
a
s
m
u
l
t
i
p
l
i
e
d
b
y
t
h
e
p
e
r
c
e
n
t
c
h
a
n
g
e
r
e
f
l
e
c
t
e
d
i
n
t
h
e
G
r
o
s
s
E
r
o
s
i
o
n
f
o
r
P
r
o
j
e
c
t
e
d
D
a
t
e
s
(5).
T
h
i
s
t
a
b
l
e
t
a
k
e
s
i
n
t
o
a
c
c
o
u
n
t
i
n
c
r
e
a
s
e
d
o
r
d
e
c
r
e
a
s
e
d
d
e
m
a
n
d
f
o
r
d
i
f
f
e
r
e
n
t
t
y
p
e
s
o
f
c
r
o
p
s
,
p
r
o
j
e
c
t
e
d
a
d
v
a
n
c
e
s
i
n
t
e
c
h
n
o
l
o
g
y
,
d
i
s
p
l
a
c
e
m
e
n
t
o
f
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
b
y
u
r
b
a
n
g
r
o
w
t
h
,
a
n
d
t
h
e
e
f
f
e
c
t
o
f
a
n
i
n
c
r
e
a
s
e
d
a
m
o
u
n
t
o
f
l
a
n
d
t
r
e
a
t
m
e
n
t
.
T
h
e
s
e
p
r
o
j
e
c
t
e
d
c
h
a
n
g
e
s
a
r
e
b
a
s
e
d
o
n
m
a
t
e
r
i
a
l
r
e
—
g
a
r
d
i
n
g
p
o
p
u
l
a
t
i
o
n
a
n
d
f
o
o
d
a
n
d
f
i
b
e
r
r
e
q
u
i
r
e
m
e
n
t
s
f
u
r
n
i
s
h
e
d
b
y
t
h
e
O
f
f
i
c
e
o
f
B
u
s
i
n
e
s
s
E
c
o
n
o
m
i
c
s
(
n
o
w
t
h
e
B
u
r
e
a
u
o
f
E
c
o
n
o
m
i
c
A
n
a
l
y
s
i
s
)
-
E
c
o
n
o
m
i
c
s
R
e
s
e
a
r
c
h
S
e
r
v
i
c
e
a
n
d
u
s
e
d
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
S
t
u
d
y
(
5
)
.
T
h
e
1
9
7
3
f
i
g
u
r
e
s
w
e
r
e
o
b
t
a
i
n
e
d
b
y
i
n
t
e
r
p
o
l
a
t
i
o
n
o
f
t
h
e
1
9
7
0
a
n
d
1
9
8
0
f
i
g
u
r
e
s
.
T
a
b
l
e
3
t
h
r
o
u
g
h
7
o
f
t
h
i
s
s
e
c
t
i
o
n
s
h
o
w
E
s
t
i
m
a
t
e
d
A
n
n
u
a
l
S
e
d
i
-
m
e
n
t
Y
i
e
l
d
f
r
o
m
S
h
e
e
t
a
n
d
G
u
l
l
y
E
r
o
s
i
o
n
o
n
A
g
r
i
c
u
l
t
u
r
a
l
L
a
n
d
f
o
r
t
h
e
y
e
a
r
s
1
9
7
6
,
1
9
8
0
,
2
0
0
0
,
a
n
d
2
0
2
0
.
T
h
e
f
i
g
u
r
e
s
f
o
r
y
e
a
r
s
1
9
8
0
,
2
0
0
0
,
2
0
2
0
o
n
T
a
b
l
e
8,
E
s
t
i
m
a
t
e
d
A
v
e
r
a
g
e
A
n
n
u
a
l
S
e
d
i
m
e
n
t
Y
i
e
l
d
f
r
o
m
S
h
e
e
t
a
n
d
G
u
l
l
y
E
r
o
s
i
o
n
o
n
U
r
b
a
n
L
a
n
d
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
,
w
e
r
e
d
e
t
e
r
m
i
n
e
d
b
y
c
a
l
c
u
l
a
t
i
n
g
a
s
e
d
i
m
e
n
t
d
e
l
i
v
e
r
y
r
a
t
e
f
o
r
e
a
c
h
m
e
t
r
o
p
o
l
i
t
a
n
a
r
e
a
a
n
d
m
u
l
t
i
p
l
y
i
n
g
it
b
y
t
h
e
e
s
t
i
m
a
t
e
d
e
r
o
s
i
o
n
r
a
t
e
.
T
h
e
e
r
o
s
i
o
n
r
a
t
e
s
w
e
r
e
b
a
s
e
d
o
n
p
r
o
j
e
c
t
e
d
u
r
b
a
n
g
r
o
w
t
h
.
T
h
e
f
i
g
u
r
e
f
o
r
1
9
7
3
w
a
s
o
b
t
a
i
n
e
d
f
r
o
m
a
d
i
r
e
c
t
p
r
o
p
o
r
t
i
o
n
o
f
t
h
e
1
9
7
0
a
n
d
1
9
8
0
e
r
o
s
i
o
n
r
a
t
e
t
i
m
e
t
h
e
de-
l
i
v
e
r
y
r
a
t
e
f
o
r
e
a
c
h
m
e
t
r
o
p
o
l
i
t
a
n
a
r
e
a
.
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S
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c
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G
r
e
a
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L
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B
a
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F
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a
m
e
w
o
r
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S
t
u
d
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O
c
t
o
b
e
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1
9
7
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TABLE 5
ESTIMA
TED AV
ERAGE
ANNUAL
SEDIME
NT YIE
LD FRO
M SHEE
T AND
GULLY
EROSIO
N ON A
GRICUL
TURAL
LAND (
U.S. P
ORTION)
T0 LAK
E HURO
N ;/
g/
 
(TONS X
1000)
UNIT
1973
1980
2000
2020
Metric tons Short tons Metric tons Short tons Metric tons Short tons Metric tons Short tons
 
Cheboygan
River
1.u
( 1.5)
1.h
( 1.5)
1.2
( 1.3)
1.2
( 1.3)
Presqu
e Isle
Comple
x
2.u
( 2.7)
2.u
( 2.6)
2.1
( 2.3)
2.1
( 2.3)
Thunder Bay River
5.0 ( 5.5)
u-9 ( 5-h)
h-3 ( u-Y)
h-3 ( l1-7)
Alcona
Comple
x
1.6
( 1.8)
1.6
( 1.8)
1.h
( 1.5)
1.u
( 1.5)
-
3
1
.
.
AuSable R
iver
3.3
( 3.6)
3.2
( 3.5)
2.8
( 3.1)
2.8
( 3.1)
Rifle—AuG
res Compl
ex
12.9
( 1h.2)
12.7
( 1u.0)
11.2
( 12.3)
11.2
( 12.3)
Kawkaw
lin Co
mplex
16.2
( 17.9)
16.u
( 18.1)
10.0
( 11.0)
12.3
( 13.6)
 
Saginaw R
iver
115.2
( 12.7)
116.6
(128.5)
70.9
( 78.1)
87.5
( 96.u)
Thumb
Comple
x
60.2
( 66.h)
61.0
( 67.2)
37.0
( no.8)
M5.7
( 50.1)
   
TOTAL
218.2
(2AO.6)
220.2
(2h2.6)
1h0.9
(155.1)
168.5
(185.6)
l/
—-All fig
ures roun
ded to ne
arest 100
tons
2/
-Adapted
from Appe
ndix 18,
Erosion a
nd Sedime
ntation,
Great Lak
es Basin
Framework
Study, Oc
tober 197
0
 
 T
A
B
L
E
6
E
S
T
I
M
A
T
E
D
A
V
E
R
A
G
E
A
N
N
U
A
L
S
E
D
I
M
E
N
T
Y
I
E
L
D
F
R
O
M
S
H
E
E
T
A
N
D
G
U
L
L
Y
E
R
O
S
I
O
N
O
N
A
G
R
I
C
U
L
T
U
R
A
L
L
A
N
D
(U.s.
P
O
R
T
I
O
N
)
T
O
L
A
K
E
E
R
I
E
1
]
g
/
(TONS
X
1000)
 
Y
E
A
R
U
N
I
T
1
9
7
3
1
9
8
0
2
0
0
0
2
0
2
0
 
Metric
tons
Short
tons
Metric
tons
Short
tons
Metric
tons
Short
tons
Metric
tons
short
tons
Black
River
29.3
(
32.3)
28.3
(
31.2)
28.8
(
27.3)
28.6
(
27.1)
St.
C
l
a
i
r
C
o
m
p
l
e
x
2
5
.
1
(
27.7)
28.2
26.7)
2
1
.
1
23.3)
2
1
.
0
(
23.2)
C
l
i
n
t
o
n
R
i
v
e
r
8
1
.
7
(
86.0)
8
0
.
3
88.8)
3
5
.
2
)
38.9
(
(
37.3)
32.7
36.0)
28.5
)
28.3
(
H
u
r
o
n
R
i
ve
r
57.1
(
62.9)
5
5
.
1
60.7)
8
8
.
1
)
8
7
.
7
(
(
1
0
0
.
9
)
8
8
.
8
97.8)
7
7
.
2
85.1)
76.7
(
88.5
(
)
(
(
)
(
(
)
(
(
)
(
R
o
ug
e
C
o
m
p
l
e
x
3
3
.
8
R
a
i
s
i
n
R
i
v
e
r
9
1
.
5
M
a
u
m
e
e
R
i
v
e
r
1
,
0
9
2
.
8
1
,
2
0
8
.
6
)
1
,
1
2
0
.
5
1
,
2
3
5
.
1
)
1
,
1
5
7
.
7
1
,
2
1
5
.
7
1
1
9
.
7
)
1
1
1
.
3
1
2
2
.
7
)
1
1
5
.
0
1
2
0
.
8
1
2
0
.
9
)
2
1
5
.
5
2
3
7
.
6
)
2
2
2
.
7
2
3
3
.
9
1
5
2
.
9
)
1
8
2
.
2
1
5
6
.
7
)
1
8
6
.
9
1
5
8
.
3
8
8
.
3
)
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 The following paragraphs are quoted from a letter of March 14, 1974,
from E. K. Davison, Director of Environmental Affairs of the National Sand
and Gravel Association. In cooperation with a man from the EPA, Mr. Davison
“solicited information on discharges from a number of our member companies
around the country.II
I found in my limited survey that in abOut one-fourth of
those operations which discharge into a public watercourse
the discharge is simply a pump-down to keep a pit dry or,
more usually, to evacuate excess water, rather than a
discharge of wash-water from the screening plant. Such
pumps appear to be well removed from portions of pits used
for receiving screening plant washwater.
The few analyses of pump-down discharges that I received
indicated that suspended solids contents exceeding about
12 to 15 mg/l would be unusual. Analyses furnished me
for discharges involving settling ponds for process water
(as distinguished from pump-down discharges) showed a
median suspended solids content of 139 mg/l. These were
mostly "one-shot” samples taken for filling out the permit
applications under the Refuse Act Program. One of the EPA
Regional Offices in a study of both sand and gravel and
crushed stone operations found a median of 55 mg/l for
suspended solids. This particular report corroborated the
observation of both the EPA Effluent Guidelines man and this
Association office that volumes of discharges related to
tons of production vary so widely that only the pollutant
concentration method, as distinguished from loading per unit
of production, is practical. Suspended solids and pH are the
usual parameters of concern. The pH is no problem in discharges
from sand and gravel operations.
I have never heard of any concern or contamination of
underground water provided the pits or ponds are receiving
only prOcess water from sand and gravel handling.
Pollution of waters by the sand and gravel industry may be appreciable,
but if so it is largely unrecognized. In the sources consulted for this
report, we have found hardly any mention of this subject. It seems to have
given rise to little if any regulatory legislation.
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2 E
xtra
ctio
n of
Salt
and
Brin
es
hf
Unlike sand, gravel, and the other relatively inert substances discussed
in the preceding section, salt is readily dissolved in the earth's waters,
and
the
resu
ltin
g br
ines
are
chem
ical
ly a
ctiv
e.
When
disc
harg
ed o
n th
e
v
grou
nd s
urfa
ce,
they
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iliz
e th
e so
il a
nd k
ill
vege
tati
on;
if d
isch
arge
d
into
a wa
ter
supp
ly,
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an u
ndes
irab
le s
alty
tast
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drin
king
wate
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orid
e co
ntam
inat
ion"
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robl
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ine
fiel
ds,
and
also
at s
alt
mine
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mine
seep
age
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be d
isp0
sed
of.
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n f
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n d
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l l
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re
pr
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at
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.
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at
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1 m
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r k
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os
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ra
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d
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ef
fe
ct
s
of
mi
ni
ng
are
no
t
me
nt
io
ne
d
in
a
st
ud
y
of
su
sp
en
de
d
se
di
me
nt
in
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4
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the
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1,
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0
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2,0
00
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pit
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rri
es,
and
min
es.
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t
of
the
pol
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wou
ld
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in
the
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rm
of
se
di
me
nt
in
wa
te
r.
Qu
an
ti
fy
in
g
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ob
se
rv
at
io
ns
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d
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e
mea
sur
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dis
cha
rge
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erm
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ng
the
con
cen
tra
tio
n
of
sus
pen
ded
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ids
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eac
h o
ccu
rre
nce
.
To
be
of
val
ue
for
pur
pos
es
of
com
par
iso
n a
nd
tot
all
ing
,
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h m
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ure
men
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uld
be
tak
en
at
tim
es
of
ave
rag
e o
r
"no
rma
l"
dis
cha
rge
and
pol
lut
ion
.
It
is
dou
btf
ul
whe
the
r
the
res
ult
s
wou
ld
be
rel
iab
le
and
sig
nif
ica
nt
eno
ugh
to
war
ran
t
the
eff
ort
and
exp
ens
e.
Det
erm
ini
ng
a w
ate
r's
chl
ori
de
con
ten
t
is
a r
ela
tiv
ely
sim
ple
pro
ces
s
of
tit
rat
ion
and
is
don
e o
n a
rou
tin
e
bas
is.
It
giv
es
qua
nti
tat
ive
res
ult
s
tha
t
are
com
par
abl
e w
ith
a l
arg
e
bod
y o
f s
imi
lar
ly
exp
res
sed
dat
a
fro
m
wa
te
rs
at
ma
ny
lo
ca
li
ti
es
.
St
an
da
rd
s
of
co
mp
ar
is
on
are
ge
ne
ra
ll
y
kn
ow
n
and
acc
ept
ed.
For
exa
mpl
e,
the
U.S
. P
ubl
ic
Hea
lth
Ser
vic
e
rec
omm
end
s
tha
t
dri
nki
ng
wat
er
con
tai
n n
o m
ore
tha
n
250
mg/
l
of
chl
ori
de.
Thu
s
chl
ori
de
con
tam
ina
tio
n m
ay
be
rea
dil
y a
sse
sse
d a
nd
qua
nti
fie
d.
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 TABLE
2
-
GROSS
EROSION
RATE,
SUBAREAS
1.1
AND
1.2
Tons
per
Acre
per
Year
 
Subarea
Current
1980
2020
1.1
0.33
0.34
0.32
1.2
0.24
0.23
0.22
Source:
Great
Lakes
Basin
Framework
Study, Appendix 18, Table 4, 1970.
   
3
.
5
M
o
b
i
l
i
t
y
o
f
P
o
l
l
u
t
a
n
t
s
T
h
e
m
o
b
i
l
i
t
y
o
f
s
e
d
i
m
e
n
t
d
i
s
c
h
a
r
g
e
d
i
n
t
o
w
a
t
e
r
b
o
d
i
e
s
,
a
s
f
r
o
m
w
a
s
h
i
n
g
p
l
a
n
t
s
a
t
g
r
a
v
e
l
o
r
c
r
u
s
h
e
d
-
s
t
o
n
e
o
p
e
r
a
t
i
o
n
s
,
d
e
p
e
n
d
s
o
n
(
1
)
t
h
e
c
o
a
r
s
e
n
e
s
s
o
f
t
h
e
m
a
t
e
r
i
a
l
,
a
n
d
(
2
)
t
h
e
k
i
n
e
t
i
c
e
n
e
r
g
y
,
i
f
a
n
y
,
o
f
t
h
e
w
a
t
e
r
b
o
d
y
.
S
a
n
d
a
n
d
s
i
l
t
d
i
s
c
h
a
r
g
e
d
i
n
t
o
a
p
o
n
d
o
r
o
t
h
e
r
s
t
a
n
d
i
n
g
w
a
t
e
r
w
i
l
l
s
e
t
t
l
e
p
r
o
m
p
t
l
y
.
C
l
a
y
m
a
y
r
e
m
a
i
n
i
n
s
u
s
p
e
n
s
i
o
n
f
o
r
a
l
o
n
g
t
i
m
e
.
I
f
t
h
e
d
i
s
c
h
a
r
g
e
i
s
i
n
t
o
a
s
t
r
e
a
m
,
n
a
t
u
r
a
l
s
o
r
t
i
n
g
w
i
l
l
t
a
k
e
p
l
a
c
e
:
c
o
a
r
s
e
s
a
n
d
w
i
l
l
s
e
t
t
l
e
n
e
a
r
e
s
t
t
h
e
p
o
i
n
t
o
f
i
n
f
l
o
w
,
a
n
d
s
i
l
t
f
a
r
t
h
e
r
a
w
a
y
;
c
l
a
y
w
i
l
l
v
e
r
y
l
i
k
e
l
y
n
o
t
c
o
m
e
t
o
r
e
s
t
u
n
t
i
l
t
h
e
s
t
r
e
a
m
r
e
a
c
h
e
s
a
b
o
d
y
o
f
q
u
i
e
t
w
a
t
e
r
w
h
e
r
e
e
n
e
r
g
y
i
s
a
t
a
m
i
n
i
m
u
m
a
n
d
s
e
t
t
l
i
n
g
c
a
n
t
a
k
e
p
l
a
c
e
.
S
o
u
r
c
e
s
o
f
s
e
v
e
r
e
p
o
l
l
u
t
i
o
n
b
y
s
u
s
p
e
n
d
e
d
s
o
l
i
d
s
s
h
o
u
l
d
b
e
r
e
l
a
t
i
v
e
l
y
e
a
s
y
t
o
s
p
o
t
b
e
c
a
u
s
e
o
f
t
h
e
a
b
o
v
e
-
d
e
s
c
r
i
b
e
d
m
e
t
h
o
d
of dispersal.
B
r
i
n
e
s
a
r
e
h
i
g
h
l
y
m
o
b
i
l
e
.
T
h
o
s
e
b
r
i
n
e
s
t
h
a
t
s
e
e
p
i
n
t
o
s
t
r
e
a
m
s
o
r
l
a
k
e
s
m
a
y
c
a
u
s
e
c
o
n
t
a
m
i
n
a
t
i
o
n
,
o
r
t
h
e
y
m
a
y
u
n
d
e
r
g
o
s
u
c
h
g
r
e
a
t
d
i
l
u
t
i
o
n
b
y
f
r
e
s
h
w
a
t
e
r
s
t
h
a
t
t
h
e
s
t
r
e
a
m
o
r
l
a
k
e
w
a
t
e
r
s
s
h
o
w
o
n
l
y
s
l
i
g
h
t
e
f
f
e
c
t
s
.
T
h
e
c
h
l
o
r
i
d
e
c
o
n
c
e
n
t
r
a
t
i
o
n
o
f
s
t
r
e
a
m
s
d
u
r
i
n
g
l
o
w
f
l
o
w
t
h
r
o
u
g
h
o
u
t
M
i
c
h
i
g
a
n
r
a
r
e
l
y
e
x
c
e
e
d
s
3
5
m
g
/
l
,
e
v
e
n
t
h
o
u
g
h
b
r
i
n
e
s
a
r
e
p
r
e
s
e
n
t
i
n
t
h
e
s
h
a
1
1
0
w
s
u
b
s
u
r
f
a
c
e
o
f
m
u
c
h
o
f
the state.
W
a
t
e
r
s
t
h
a
t
r
e
m
a
i
n
u
n
d
e
r
g
r
o
u
n
d
c
a
n
h
a
r
d
l
y
p
u
r
g
e
t
h
e
m
s
e
l
v
e
s
.
I
f
f
r
e
s
h
w
a
t
e
r
s
b
e
c
o
m
e
c
o
n
t
a
m
i
n
a
t
e
d
w
i
t
h
c
h
l
o
r
i
d
e
,
t
h
e
y
m
a
y
r
e
m
a
i
n
c
o
n
t
a
m
i
n
a
t
e
d
i
n
-
d
e
f
i
n
i
t
e
l
y
.
U
n
d
e
r
n
a
t
u
r
a
l
c
o
n
d
i
t
i
o
n
s
,
u
n
d
e
r
g
r
o
u
n
d
w
a
t
e
r
s
g
e
n
e
r
a
l
l
y
m
o
v
e
v
e
r
y
s
l
o
w
l
y
;
b
u
t
w
h
e
n
m
a
n
e
n
t
e
r
s
t
h
e
p
i
c
t
u
r
e
h
e
m
a
y
u
p
s
e
t
t
h
e
h
y
d
r
o
s
t
a
t
i
c
e
q
u
i
l
i
b
r
i
u
m
,
c
a
u
s
i
n
g
r
a
p
i
d
m
i
g
r
a
t
i
o
n
o
f
b
r
i
n
e
s
i
n
t
o
f
r
e
s
h
-
w
a
t
e
r
z
o
n
e
s
.
F
r
o
m
1
8
6
0
o
n
,
h
u
n
d
r
e
d
s
o
f
w
e
l
l
s
w
e
r
e
d
r
i
l
l
e
d
i
n
t
h
e
S
a
g
i
n
a
w
V
a
l
l
e
y
o
f
M
i
c
h
i
g
a
n
,
i
n
t
h
e
s
e
a
r
c
h
f
o
r
c
o
a
l
a
n
d
v
a
l
u
a
b
l
e
b
r
i
n
e
s
.
F
e
w
i
f
a
n
y
o
f
t
h
e
s
e
w
e
l
l
s
w
e
r
e
l
i
n
e
d
w
i
t
h
c
a
s
i
n
g
,
w
i
t
h
t
h
e
r
e
s
u
l
t
t
h
a
t
t
h
e
y
s
e
r
v
e
d
a
s
c
o
n
d
u
i
t
s
t
h
r
o
u
g
h
w
h
i
c
h
h
i
g
h
l
y
m
i
n
e
r
a
l
i
z
e
d
b
r
i
n
e
s
f
r
o
m
d
e
e
p
i
n
t
h
e
r
o
c
k
s
r
o
s
e
a
n
d
m
i
x
e
d
w
i
t
h
n
e
a
r
-
s
u
r
f
a
c
e
f
r
e
s
h
w
a
t
e
r
s
.
D
e
t
e
r
i
o
r
a
t
i
o
n
o
f
g
r
o
u
n
d
—
w
a
t
e
r
q
u
a
l
i
t
y
w
a
s
n
o
t
i
c
e
d
a
t
S
a
g
i
n
a
w
a
s
e
a
r
l
y
a
s
1
9
0
6
(
B
o
w
m
a
n
,
1
9
0
6
)
;
i
t
w
a
s
a
t
t
r
i
b
u
t
e
d
t
o
a
b
a
n
d
o
n
e
d
b
r
i
n
e
w
e
l
l
s
.
A
t
L
o
w
e
l
l
,
n
e
a
r
G
r
a
n
d
R
a
p
i
d
s
,
K
e
n
t
C
o
u
n
t
y
,
t
h
e
c
h
l
o
r
i
d
e
c
o
n
t
e
n
t
i
n
a
m
u
n
i
c
i
p
a
l
w
e
l
l
i
n
c
r
e
a
s
e
d
f
r
o
m
a
t
r
a
c
e
i
n
1
9
3
3
t
o
9
2
5
m
g
/
l
i
n
1
9
4
1
.
T
h
e
m
a
j
o
r
c
a
u
s
e
w
a
s
l
e
a
k
a
g
e
o
f
b
r
i
n
e
t
h
r
o
u
g
h
a
b
a
n
d
o
n
e
d
o
i
l
a
n
d
g
a
s
w
e
l
l
s
(
D
e
u
t
s
c
h
,
1
9
6
3
)
.
A
w
e
l
l
d
r
i
l
l
e
d
i
n
L
a
n
s
i
n
g
i
n
1
9
5
6
c
o
n
t
a
i
n
e
d
l
e
s
s
t
h
a
n
1
0
0
m
g
/
l
,
b
u
t
a
f
t
e
r
t
w
o
m
o
n
t
h
s
o
f
o
p
e
r
a
t
i
o
n
t
h
e
c
h
l
o
r
i
d
e
c
o
n
t
e
n
t
h
a
d
r
i
s
e
n
t
o
a
b
o
u
t
9
0
0
m
g
/
l
.
T
h
e
p
r
o
b
a
b
l
e
s
o
u
r
c
e
o
f
c
o
n
t
a
m
i
n
a
t
i
o
n
w
a
s
a
n
a
b
a
n
d
o
n
e
d
b
r
i
n
e
w
e
l
l
(
4
,
5
7
5
m
g
/
l
o
f
s
o
d
i
u
m
c
h
l
o
r
i
d
e
)
,
w
h
i
c
h
h
a
d
b
e
e
n
d
r
i
l
l
e
d
i
n
1
8
6
7
.
S
m
i
t
h
(
1
9
4
4
)
h
a
s
d
e
s
c
r
i
b
e
d
t
h
e
d
e
l
e
t
e
r
i
o
u
s
e
f
f
e
c
t
s
o
f
b
r
i
n
e
m
i
g
r
a
t
i
o
n
o
n
o
v
e
r
l
y
i
n
g
f
r
e
s
h
-
w
a
t
e
r
a
q
u
i
f
e
r
s
i
n
M
i
c
h
i
g
a
n
,
a
n
d
S
m
i
t
h
a
n
d
F
r
y
e
(
1
9
4
5
)
h
a
v
e
r
e
p
o
r
t
e
d
o
n
t
h
e
h
i
s
t
o
r
y
o
f
b
r
i
n
e
c
o
n
t
a
m
i
n
a
t
i
o
n
i
n
t
h
e
S
a
g
i
n
a
w
V
a
l
l
e
y
.
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ﬂMany thousands of shallow shot-holes are drilled each year in Michigan
by oil companies for geophysical testing; borings are made for foundation
work
; an
d ho
les
are
dril
led
by c
emen
t co
mpan
ies
or o
ther
s to
test
the
lime
ston
e be
droc
k.
All
thes
e ho
les
are
unca
sed,
and
many
have
acte
d as
pipe
s
thro
ugh
whic
h mo
bile
brin
es m
ove
upwa
rd.
The
resu
lt h
as b
een
chlo
ride
con-
tamination of water supplies that continues even today.
The gross areal extent of ground-water contamination in southern
Mic
hig
an
is
not
know
n.
Pro
bab
ly
mos
t i
ndi
vid
ual
area
s d
o n
ot
exc
eed
a
few
acre
s.
In
dis
tri
cts
whe
re
gro
und
wat
er
is
pump
ed,
the
res
ult
ing
dec
rea
se
in
hyd
ros
tat
ic
hea
d m
igh
t l
ead
to
mor
e w
ide
spr
ead
con
tam
ina
tio
n,
thr
oug
h
ope
n h
ole
s a
nd
int
er-
aqu
ife
r l
eaka
ge.
?
In
con
sid
era
ble
area
s o
f Wo
od
and
Han
coc
k C
oun
tie
s,
nor
thw
est
ern
Ohio
,
sur
fac
e a
nd
gro
und
wat
ers
hav
e a
hig
her
-th
an-
nor
mal
sal
ini
ty.
Nea
r P
ort
age
,
Woo
d C
oun
ty,
the
Por
tag
e R
ive
r a
t p
erio
ds
of
low
flow
com
mon
ly
con
tai
ns
mor
e
tha
n
150
mg/
l o
f
chl
ori
de.
It
see
ms
ver
y
lik
ely
tha
t c
ont
ami
nat
ion
is
the
res
ult
of
lea
kag
e
of
bri
nes
fro
m t
he
old
Lim
a o
il
and
gas
fie
ld.
Thi
s
fie
ld
was
dis
cov
ere
d i
n
188
4,
rea
che
d i
ts
pea
k o
f p
rod
uct
ion
in
189
6,
and
is
nea
rly
‘
exh
aus
ted
tod
ay.
Acc
ord
ing
to
Ort
on
(18
88)
,
oil
see
ps
int
o w
ell
s
and
ex-
ca
va
ti
on
s
in
the
Fi
nd
la
y
are
a
an
te
da
te
d
di
sc
ov
er
y
by
50
yea
rs.
No
do
ubt
de
ep
br
in
es
ha
ve
be
enm
ov
in
g
up
wa
rd
for
sco
res
of
yea
rs,
in
lar
ge
par
t
vi
a
ol
d
oi
l
an
d
ga
s
we
ll
s
wh
ic
h
we
re
ne
ve
r
ca
se
d
or
in
wh
ic
h
th
e
ca
si
ng
ha
s
lo
ng
since rusted away.
An
ot
he
r
si
tu
at
io
n
is
ex
em
pl
if
ie
d
by
th
e
ar
ti
fi
ci
al
-b
ri
ne
in
du
st
ry
ne
ar
Sy
ra
cu
se
,
Ne
w
Yo
rk
.
Th
e
we
ll
s
ar
e
at
Tu
ll
y,
27
.3
km
(17
mi
le
s)
to
th
e
so
ut
h;
th
e
br
in
e
is
pu
mp
ed
to
a
pl
an
t
ne
ar
th
e
we
st
sh
or
e
of
On
on
da
ga
La
ke
,
wh
er
e
ca
us
ti
c
so
da
an
d
so
da
as
h
ar
e
pr
od
uc
ed
.
La
go
on
ef
fl
ue
nt
an
d
le
ac
ha
te
fr
om
st
oc
k
pi
le
s
co
nt
ri
bu
te
hi
gh
ch
lo
ri
de
co
nt
en
t
to
Ni
ne
mi
le
Cr
ee
k
an
d
On
on
da
ge
La
ke
.
Th
e
si
tu
at
io
n
is
di
sc
us
se
d
in
tw
o
re
po
rt
s
(K
an
tr
ow
it
z,
19
70
;
Sh
am
pi
ne
,
1973).
 
3.6 Natural Renovative Mechanisms
 
Wa
te
r
th
at
is
co
nt
am
in
at
ed
on
ly
by
su
sp
en
de
d
so
li
ds
,
as
at
a
gr
av
el
0r
cr
us
he
d-
st
on
e
pl
an
t
or
ta
co
ni
te
mi
ne
,
un
de
rg
oe
s
re
no
va
ti
on
if
th
es
e
d
so
li
ds
ar
e
al
lo
we
d
to
se
tt
le
ou
t.
Wa
te
r
th
us
cl
ar
if
ie
d
ma
y
be
re
-u
se
d
in
th
e
Yd
pl
an
t
or
di
sc
ha
rg
ed
in
to
wa
te
r
bo
di
es
wi
th
ou
t
de
le
te
ri
ou
s
ef
fe
ct
s.
.z:
 
Th
er
e
is
es
se
nt
ia
ll
y
on
ly
on
e
na
tu
ra
l
me
ch
an
is
m
fo
r
re
no
va
ti
on
of
ch
lo
ri
de
-c
on
ta
mi
na
te
d
wa
te
rs
.
Th
is
is
di
lu
ti
on
by
fr
es
h
wa
te
rs
.
Un
le
ss
th
e
po
ll
ut
io
n
lo
ad
is
ve
ry
he
av
y
an
d
th
e
wa
te
r
bo
dy
is
sm
al
l,
su
ch
di
lu
ti
on
Or
di
na
ri
ly
re
du
ce
s
th
e
ch
lo
ri
de
le
ve
l
to
ac
ce
pt
ab
le
va
lu
es
.
Wh
er
e
un
de
r-
g
r
o
u
n
d
w
a
t
e
r
s
h
a
v
e
b
e
e
n
i
n
v
a
d
e
d
b
y
b
r
i
n
e
s
,
renovation.
th
er
e
is
no
na
tu
ra
l
me
an
s
of
  
    
3.5 Mobility of Pollutants
The mobility of sediment discharged into water bodies, as from washing
plants at gravel or crushed-stone operations, depends on
(1) the coarseness
of the material, and (2) the kinetic energy, if any, of the water body.
Sand
and silt discharged into a pond or other standing water will settle promptly.
Clay may remain in suspension for a long time.
If the discharge is into a
stream, natural sorting will take place: coarse sand will settle nearest the
point of inflow, and silt farther away; clay will very likely not come to
rest until the stream reaches a body of quiet water where energy is at a
minimum and settling can take place.
Sources of severe pollution by suspended
solids should be relatively easy to spot because of the above-described method
of dispersal.
Brines are highly mobile.
Those brines that seep into streams or lakes
may cause contamination, or they may undergo such great dilution by fresh
waters that the stream or lake waters show only slight effects.
The chloride
concentration of streams during low flow throughout Michigan rarely exceeds
35 mg/l,
even though brines are present in the shallow subsurface of much of
the state.
Waters that remain underground can hardly purge themselves.
If fresh
waters become contaminated with chloride,
they may remain contaminated in-
definitely.
Under natural conditions, underground waters generally move
very slowly; but when
manenters the picture he may upset the hydrostatic
equilibrium,
causing rapid migration of brines into-fresh-water zones.
From
1860 on,
hundreds
of wells
were drilled
in
the
Saginaw
Valley of Michigan,
in
the
search for coal
and valuable
brines.
Few
if
any of these wells
were
lined with casing, with the result that they served as conduits through which
highly mineralized
brines
from deep
in the
rocks
rose
and mixed with
near-
surface
fresh waters.
Deterioration of ground-water
quality was
noticed
at
Saginaw as early as 1906 (Bowman, 1906); it was attributed to abandoned brine
wells.
At Lowell,
near Grand Rapids, Kent County,
the chloride content in
a municipal well
increased
from a trace in
1933
to 925 mg/l in
1941.
The
major
cause was
leakage of brine
through
abandoned
oil
and
gas wells
(Deutsch,
1963).
A well
drilled in
Lansing in
1956
contained
less
than
100 mg/l,
but
after
two months
of operation
the chloride content had
risen to
about
900 mg/l.
The probable source of contamination was an
abandoned brine well
(4,575 mg/l of sodium chloride), which had been drilled in 1867.
Smith
(1944) has described the deleterious effects of brine migration on overlying
fresh-water aquifers in Michigan, and Smith and Frye (1945) have reported on
the
history
of brine
contamination
in the
Saginaw Valley.
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Many
thousands
of
shallow
shot-holes
are
drilled
each
year
in
Michigan
by
oil
companies
for
geophysical
testing;
borings
are
made
for
fOundation
work;
and
holes
are
drilled
by
cement
companies
or
others
to
test
the
limestone
bedrock.
All
these
holes
are
uncased,
and
many
have
acted
as
pipes
through
which
mobile
brines
move
upward.
The
result
has
been
chloride
con-
tamination
of
water
supplies
that
continues
even
today.
The
gross
areal
extent
of
ground-water
contamination
in
southern
Michigan
is
not
known.
Probably
most
individual
areas
do
not
exceed
a
few
acres.
In
districts
where
ground
water
is
pumped,
the
resulting
decrease
in
hydrostatic
head
might
lead
to
more
widespread
contamination,
through
open
holes
and
inter-aquifer
leakage.
In
considerable
areas
of
Wood
and
Hancock
Counties,
northwestern
Ohio,
surface
and
ground
waters
have
a
higher-than-normal
salinity.
Near
Portage,
Wood
County,
the
Portage
River
at
periods
of
low
flow
commonly
contains
more
than
150
mg/l
of
chloride.
It
seems
very
likely
that
contamination
is
the
result
of
leakage
of
brines
from
the
old
Lima
oil
and
gas
field.
This
field
was
discovered
in
1884,
reached
its
peak
of
production
in
1896,
and
is
nearly
exhausted
today.
According
to
Orton
(1888),
oil
seeps
into
wells
and
ex-
cavations
in
the
Findlay
area
antedated
discovery
by
50
years.
No
doubt
deep
brines
have
beenmoving
upward
for
scores
of
years,
in
large
part
via
old
oil
and
gas
wells
which
were
never
cased
or
in
which
the
casing
has
long
since rusted away.
Another
situation
is exemplified
by the artificial-brine
industry near
Syracuse,
New
York.
The
wells
are
at
Tully,
27.3
km
(17
miles)
to
the
south;
the
brine
is
pumped
to
a plant
near
the west
shore
of Onondaga
Lake,
where
caustic
soda
and
soda
ash
are
produced.
Lagoon
effluent
and
leachate
from
stock
piles
contribute
high
chloride
content
to
Ninemile
Creek
and
Onondage
Lake.
The
situation
is
discussed
in
two
reports
(Kantrowitz,
1970;
Shampine,
1973).
3.6
Natural
Renovative
Mechanisms
Water that is contaminated only by suspended solids, as at a gravel
or crushed-stone plant or taconite mine, undergoes renovation if these
solids
are
allowed
to settle
out.
Water
thus clarified may be re-used
in the
plant or discharged into water bodies without deleterious effects.
There is essentially only one natural mechanism for renovation of
chloride-contaminated waters.
This is dilution by fresh waters.
Unless
the pollution load is very heavy and the water body is small, such dilution
ordinarily reduces the chloride level to acceptable values.
Where under-
ground waters have been invaded by brines, there is no natural means of
renovation.
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s.
Th
er
e
ha
s
be
en
le
ak
ag
e,
di
ke
fa
il
ure
,
and
pr
od
uc
ti
on
of
a
fi
ne
sa
li
ne
dus
t,
all
of
wh
ic
h
ha
ve
ca
us
ed
pr
ob
le
ms
to
the
wa
te
r
su
pp
ly
(R.
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at
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TABLE 3 - PROJECTED MINERAL PRODUCTION, GREAT LAKES REGION,
1
’ BY SELECTED COMMODITIES
(Thousands of Metric Tons)
     
Commodity 1968l/ 1980 2020 ;
Sand and gravel... 116,981 155,276 464,876 :
Crushed stone..... 100,298 130,151 387,537 1 ﬁ
1;
Iron ore.......... 57,548 66,605 126,748 51
1
Salt.............. wé/ 20,993 94,911 E
C1ay.............. 3,755 4,600 11,663 1“
Gypswm............
w
2,005
3,692
1]
Peat.............. 237 262 427 '
Copper ore........ 68 91 299 ‘
l/Actua1. ii;
13
g/Withheld to avoid disclosing individual company data.
Source: Great Lakes Basin Framework Study, Table 5-103 (1971).
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pro
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the
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P.
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3.9.2 Ohio
The surface waters of Ohio are protected under RegulationEP—l of the
Ohio Environmental Protection Agency, effective July 27, 1973, entitled
llWater Quality Standards.H Sources of water pollution are regulated by
applying effluentstandards and issuing permits, under the general style of
the Federal Water Pollution Control Act, Section 402, HNational Pollution
Discharge Elimination System.H
Regulations under Ohio's oil and gas law (Revised Code Chapter 1509)
prohibit the contamination of surface or ground waters by disposal of oil-
field brines, but drilling operations are so numerous and state regulatory
agencies so undermanned that adequate control is not exercised.
Ohio has no other pollution-control program for its subsurface waters.
3.9.3 New York
New standards to control stream pollution became effective in New York
on March 27, 1974. These are set forth in the State Department of Environ-
mental Conservation's "Classifications and Standards Governing the Quality
and Purity of Waters of New York State." Title 6, Official Compilation
of Codes, Rules and Regulations, Part 702.1, refers to “Class A-Special
(International Boundary Waters) (Great Lakes Water Quality Agreement of
1972).” Quality standards include, among other items, requirements that
total dissolved solids shall not exceed 200 mg/l, and that suspended
solids that will be deleterious for any best usage will not be allowed.
Legislation to support these measures comes under Article 17 of the
Environmental Conservation Law (formerly Article 12 of the Public Health
Law) (W. E. Loveridge, NYSDEE, personal communication and enclosures).
It may be significant that a comprehensive survey by a regional planning
agency, with full attention to major sources of pollution, especially of
ground water, does not mention deleterious effects of any extractive indus-
tries. This report is listed in the references under Genesee-Finger Lakes
Regional Planning Board.
3.9.4 Wisconsin
In
Wis
con
sin
, a
cco
rdi
ng
to
Wir
th
et
a1.
(197
3),
"cu
rre
nt
stat
e l
aws
are
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to c
ontr
ol w
ater
poll
utio
n re
late
d to
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ral
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urce
s."
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),
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the
oth
er
hand
, f
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t
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3.9.5 Minnesota
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a p
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3.9.6 Other States
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s c
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s d
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f p
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l p
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Urb
an
run
off
, i
ndu
s-
tri
al
was
tes
,
and
was
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atm
ent
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are
the
sig
nif
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rce
s
of
pollution of Lake Michigan and the streams tributary to it.
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e E
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Str
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s A
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oth
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leg
isl
ati
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suf
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ien
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to
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l
pol
lut
ion
fro
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he
sin
gle
san
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nd
gra
vel
pit
and
the
one
pea
t b
og
rep
ort
ed
to
be
act
ive
in
thi
s a
rea
.
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Section 4
SUMMARY OF RESEARCH PROGRAMS
4.1 Nature of Studies
In the limited time available, it has not been possible to make a
study of "current or proposed research, demonstration, or monitoring
programs that may help answer basic questions." Such a study is desirable
and should be made.
State-of-the-art studies of pollution produced by certain extractive
industries are currently under way at the Robert S. Kerr Water Research
Center of the U. S. Environmental Protection Agency, in Ada, Oklahoma.
Reports are soon to be published on the significance of water pollution
associated with the sand and gravel, uranium, and oil-shale mining
industries. Research is also being done on sealants for mine-tailing
sedimentation ponds. Studies bearing more directly on the extractive
industries of concern in this review are in the discussion stage at the
Center.
With a grant from the Federal Water Pollution Control Agency,
researchers at the University of Minnesota and their associates have made
a study of the role that peat might play in combating water pollution
(U.S. Bur. Mines, 1972, p. 389).
The following news item appeared in the magazine Rock Products, July
1974.
The Environmental Protection Agency finally is moving
ahead with its previously announced study of mining effluents
prior to establishing guidelines and new source performance
standards. The consulting firm Versar, Inc., has been awarded
the contract; it will meet with the trade associations to
identify critical factors and review control methods cur-
rently in use. $3.5million has been released to EPA by the
Office of Management and Budget to participate in the joint
U.S.-Canadian investigations set up by the Great Lakes Water
Quality Agreement of 1972.
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 Section 6
NEED FOR NEW PROGRAMS
6.1 Gaps in Knowledge
By far the largest extractive industries in the Great Lakes region
are those that produce sand, gravel, and crushed stone. Large quantities
of water are used in these operations, yet little information seems to
exist on the extent of this use oron the degree to which contaminated
waters are released. A systematic study, perhaps undertaken with the
aid of the various states, would yield much-needed data on this subject.
Such a study should be undertaken in the light of the expected expansion
of these industries in the coming decades, as indicated on Table 3,
page 15.
As previously indicated, there are appreciable gaps in our knowledge
of the best way in which to dispose of waste brines. One aspect of the
problem that should receive attention is a systematic inventory of those
geologic formations beneath Michigan, Ohio, and New York that might act
as large-scale receptors of brines. The rate at which these formations
can accept introduced brines, and their ultimate storage capacity compared
with the volume of brine expected to be produced over the next 40 to 50
years, are other topics on which information is needed.
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Land Use/Water Quality Relationships in the U. S. Great Lakes Basin
Task A: To assess problems, management of programs and research...
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treatment for 1970 and projected area that will
be treated under current agricultural conserva—
tion practices and recommended accelerated programs
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20200 (Excerpted and recalculated from Appendix
13, Land Use and Management Work Group of the Great
Lakes Basin Commission, sponsored by the Forest
Service and Soil Conservation Service of the U.S.
Department
of
Agriculture
(66).)
Recent and current research on pesticides in the
United States with particular reference to the
Great Lakes Basin
Proposed projects with reference to Great Lakes
pollution
6O
63
7O
71
Section 1
Ui’II'iAR ‘x’
1.1 Introduction
The
agricultural
land
in
the
United
States
portion
of
the
Great
Lakes
Region
is
approximately
12,998,000
ha
(32,118,000
acres),
representing
over
38%
of
the
total
land
area
of
the
region.
More
than
6u%
of
the
agricultural
land
is
cultivated
and
devoted
to:
row
crops
(u3%),
hay
and
pasture
(33%),
small
grains
(17%),
and
specialty
crops
(7%).
Farming
activities
are
not
well—distributed
in
the
region.
Crop
production
is
concentrated
in
the
agricultural
watersheds
of
Lakes
Michigan
and
Brie
where
more
than
75%
of
the
total
cultivated
cropland
is
located.
Pesticides
are
widely
used
in
the region.
Overall,
more
than
half
of
the
harvested
area
for
crop
production
has
been
treated
with
pesticides.
Herbicides
and
insecticides
account
for most
of
the
pesticides
applied,
with
herbicides
being
the
predominant
type
of
pesticide
applied.
Field
crops
receive
the
major
treatment
of
pesticides.
Among
field
crops,
row
crops--particularly
corn--receive
substantial
treatment
with
pesticides,
while hay
and
pasture receive
the least.
Orchards
are treated
extensively
with
insecticides.
Some
vegetable
and
processing
crops,
such
as
sweet
corn
and potatoes,
also receive
considerable insecticidal treatment.
All agriculturally—applied pesticides are potential pollutants to
aquatic environments.
The amount and nature of pesticides reaching the
Great Lakes from agricultural watersheds are primarily functions of the
persistence of the compounds used, intensity and length of time pesticides
have been applied, and the applicable transport mechanisms.
Quantification
and identification of pesticide pollution originating from agricultural
activities are difficult to assess because of the complexity of the water—
sheds.
Limited information indicates that low—level concentrations of
pesticides/metabolites5 particularly the persistent types, may gain entry
to tributary waters and the Great Lakes essentially through agricultural
runoff.
  
     
1.2 Summary ofFindings and Conclusions
Fr
ag
me
nt
ar
y
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of
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e
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t
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.
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e
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at
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re
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insecticides.
Ac
cu
mu
la
ti
on
s
of
pe
st
ic
id
es
--
pa
rt
ic
ul
ar
ly
th
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at
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c
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c
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at
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ly
on
sm
al
l
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ur
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rs
he
ds
,
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de
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en
on
th
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at
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ti
on
to
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te
d
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ob
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in
ed
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te
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ds
,
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di
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te
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at
on
ly
lo
w-
le
ve
l
re
si
du
es
ar
e
tr
an
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or
te
d
to
aq
ua
ti
c
en
vi
ro
nm
en
ts
vi
a
ru
no
ff
.
Al
th
ou
gh
th
e
am
ou
nt
s
of
re
si
du
es
re
ac
hi
ng
012 parts) to
the
Gre
at
Lak
es
are
in
the
ng/
l (
ppt
, i
.e.
, 1
par
t i
n l
ug
/l
(p
pb
,
1
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rt
in
10
9
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rt
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ra
ng
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nt
am
in
at
io
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ma
gn
if
ie
d
by
th
e
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bi
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ce
nt
ra
ti
on
of
re
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du
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in
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s
of
ma
ny
aq
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c
or
ga
ni
sm
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and by accumulation in bottom sediments.
Na
tu
ra
l
di
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ip
at
io
n
pr
oc
es
se
s
ar
e
op
er
at
in
g
to
re
du
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c
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at
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iv
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pr
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at
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.
Ad
di
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on
al
ly
,
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e
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d
to
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ci
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of
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gr
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at
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n
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ne
ed
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in
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l
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nt
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Mo
st
he
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id
es
ar
e
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y
de
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ad
ed
in
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il
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d
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e
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ss
pe
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e
or
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Ho
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ve
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ma
ny
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e
co
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co
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ra
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ne
,
pa
ra
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at
an
d
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,
ma
y
pe
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is
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fo
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lo
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il
s.
In
di
ca
ti
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s
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ve
be
en
fo
un
d
th
at
th
e
pe
rs
is
te
nc
e
of
ma
ny
pe
st
i-
ci
de
s
in
aq
ua
ti
c
en
vi
ro
nm
en
ts
di
ff
er
s
fr
om
th
at
in
te
rr
es
tr
ia
l
so
il
s,
bu
t
 further
investigations
are
needed
to
aka Jew” “ ’1 itch in“ r:
I“ .
u v.1“, up.
The
pesticide
pollution
of
the
Great
Lakes,
particularly
Lake
Michigan,
is
already
well-documented.
Pesticide
input
to
the
Great
Lakes
will
continue
as
long
as
pesticides
are
used
in
the
watersheds.
Projections
are
that
the
cropland
area
in
the
U.S.
portion
of
the
Great
Lakes
Region
will
remain
essentially
unchanged
in
the
next
50
years;
but
the
human
population
will
expand
rapidly,
thereby
necessitating
increased
crop
production
per
unit
area
in
order
to
meet
the
food
requirements
of
the
population”
To
sustain
high
crop
production9
pesticides
are
essential.
Because
of
this
considera~
tion5
in
addition
to
the
absence
of
economically
feasible
alternative
methods
of
pest
control9
pesticide
usage
in
agriculture
is
predicted
to
increase.
Use of less persistent pesticides will continue to rise due to
the restrictions placed on the persistent organochlorine insecticides.
Even with the use of less persistent pesticides, residue build-up may still
result due to increasing use
andrepeated applications.
Accumulation and
impact of the degradation products of readily degraded pesticides in the
environment
are
relatively
unknown.
The Great Lakes States appear to have adequate existinglaws and
regulations concerning the sale? registration? distribution, use, and
application of pesticides. The primary limitations for the success of
pesticide regulations are inadequate funds and lack of needed personnel
to do the monitoring and enforce the programs.
The existing voluntary basis for control of erosion and sediment build~
up is extremely slow and, if allowed to continue at its current rate9
abatement of pesticide pollution of the Great Lakes and related waterbodies
will be limited in the next 50 years. Prevention of pesticide pollution of
the Great Lakes can be greatly accelerated by the enactment and enforcement
of mandatory erosion- and sedimentwcontrol programs by all levels of state
governments concerned.
1.3 Recommendations
Research is needed urgently to adequately quantify and identify the
contribution of agricultural activities to the pesticide pollution of the
Great Lakes. Presently, only fragmentary information is availablea and
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b
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c
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c
u
l
t
u
r
a
l
l
a
n
d
s
i
n
v
o
l
v
i
n
g
a
s
y
s
t
e
m
a
t
i
c
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c
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c
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e
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 Section 2
SUPPORTING MATERIAL
2.1 Introduction
Agricultural activities in the Great Lakes Basin were initiated at the
beginning of the 19th century, but the use of pesticides in crop production
was virtually nonexistent prior to the mid—1940's. For the past three
deca
des
pest
icid
e us
age
has
vast
ly i
ncre
ased
, ma
king
it p
ossi
ble
to o
btai
n
the
high
yiel
ds o
f ma
ny c
rops
neve
r re
aliz
ed b
efor
e.
Pest
icid
e us
e pa
tter
ns
indi
cate
that
the
agri
cult
ural
indu
stry
will
not
only
cont
inue
to u
se
pest
icid
es,
but
it i
s pr
edic
ted
that
they
will
be u
sed
at h
ighe
r th
an
pre
sen
t l
eve
ls
in
ord
er
to
sus
tai
n t
he
hig
her
cro
p p
rod
uct
ion
per
uni
t a
rea
nee
ded
to
mee
t
the
foo
d d
ema
nds
of
the
rap
idl
y
exp
and
ing
pop
ula
tio
n a
rou
nd
the
Gre
at
Lak
es.
Sin
ce
the
ear
ly
196
0's
pub
lic
con
cer
n h
as
bee
n e
xpr
ess
ed
tha
t p
est
ici
de
res
idu
es—
-pa
rti
cul
arl
y
the
org
ano
chl
ori
ne
ins
ect
ici
des
——a
re
wi
de
ly
di
st
ri
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te
d
in
the
bi
os
ph
er
e
an
d
hav
e
ac
cu
mu
la
te
d
in
se
ver
al
se
gm
en
ts
of
the
env
iro
nme
nt
inc
lud
ing
the
Gre
at
Lak
es.
Far
min
g o
per
ati
ons
,
whi
ch
pr
ov
id
e
th
e
ma
jo
r
use
for
pe
st
ic
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es
,
are
fr
eq
ue
nt
ly
ci
te
d
for
the
pe
st
i-
ci
de
co
nt
am
in
at
io
n
of
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t.
Th
es
e
su
sp
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io
ns
,
ho
we
ve
r,
ha
ve
no
t
be
en
fu
ll
y
do
cu
me
nt
ed
,
an
d
an
at
te
mp
t
is
ma
de
in
th
is
re
vi
ew
to
ev
al
ua
te
th
e
pr
es
en
t
an
d
fu
tu
re
im
pa
ct
on
th
e
wa
te
r
qu
al
it
y
of
th
e
Gr
ea
t
Lak
es
fro
m p
est
ici
des
use
d o
n a
gri
cul
tur
al
lan
d.
2.2 Scope of Study
Da
ta
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in
ed
fr
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pu
bl
is
he
d
pa
pe
rs
,
re
po
rt
s,
sy
mp
os
ia
pr
oc
ee
di
ng
s:
fr
am
ew
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k
st
ud
ie
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ab
st
ra
ct
s,
te
xt
s,
an
d
pe
rs
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al
co
mm
un
ic
at
io
ns
.
Re
fe
r-
en
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s
fr
om
th
e
pe
ri
od
of
19
60
to
19
7u
we
re
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id
er
ed
,
bu
t
mo
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of
th
e
li
te
ra
tu
re
su
rv
ey
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wa
s
pu
bl
is
he
d
an
d/
or
re
po
rt
ed
in
th
e
la
te
19
60
's
an
d
e
a
r
l
y
1
9
7
0
'
s
.
A
l
t
h
o
u
g
h
m
u
c
h
o
f
t
h
e
i
n
f
o
r
m
a
t
i
o
n
i
n
c
l
u
d
e
d
w
a
s
g
a
t
h
e
r
e
d
o
u
t
s
i
d
e
th
e
Gr
ea
t
La
ke
s
Ba
si
n,
a
fa
ir
am
ou
nt
of
in
fo
rm
at
io
n
is
av
ai
la
bl
e
fo
r
th
e
basin and is given emphasis in the report-
   
     
2.3 Study Procedure
The literature evaluation on the sources, forms, and amounts of pesti-
cide pollutants arising from agricultural activities was conducted under
the direct supervision of the Director of the University of Wisconsin
Water Resources Center (Go Chesters). A graduate student (G. V. Simsiman)
assi
sted
in c
ompi
ling
and
summ
ariz
ing
need
ed d
ata
and
wrot
e th
e pr
elim
i—
nary report. Final review and revision of the draft submitted to the
Great Lakes Basin Commission were done by the Director.
Inf
orm
ati
on
was
gat
her
ed
by
wri
tin
g m
any
sci
ent
ist
s,
ins
tit
uti
ons
,
and
gove
rnme
nt a
genc
ies,
requ
esti
ng c
opie
s of
repr
ints
, pr
epri
nts,
repo
rts,
and
othe
r ki
nds
of i
nfor
mati
on.
The
sear
ch f
or o
ngoi
ng r
esea
rch
on p
esti
-
cid
es
was
und
ert
ake
n u
til
izi
ng
the
ser
vic
es
of
the
Uni
ver
sit
y o
f O
kla
hom
a—
GIPS
Y co
mput
er p
rogr
am w
hich
is s
uppo
rted
by t
he O
ffic
e of
Wate
r Re
sour
ces
Rese
arch
of t
he 0
.8.
Depa
rtme
nt o
f th
e In
teri
or.
The
majo
r so
urce
s of
literature/information used were:
1. Journal of Environmental Quality
Pesticide Monitoring Journal
Soil Science Society of America Proceedings
Journal of Economic Entomology
Journal of Agricultural and Food Chemistry
m
u
n
e
r
Weed Science
Weed Research
Environmental Science and Technology
. Water Resources Bulletin
C
)
m
e
. BioScience
11. Science
12. Water Pollution Control Federation Journal
13. Agronomy Journal
la. Residue Reviews
15. Advances in Agronomy
16. Proceedings of CIC-CCIW Symposium on Water Quality Parameters--
Selection, Detection, and Measurement, Burlington, Ontario,
November 1973
 17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
3M.
35.
36.
37.
38.
39.
H0.
H1.
42.
#3.
Proceedings of Seminar on Environmental Toxicology of Pesticides,
Academic Press, N.Y.
Proceedings
of Second International
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2.3.1 Assumptions
Pesticide contamination of the Great Lakes has been revealed by state
and federal monitoring programs. However, there are very few well—documented
investigations on the sources, forms, and amounts of pesticide pollutants
from various segments of the watersheds, particularly those from agricul-
tural lands. The following assumptions are made:
a. The use of pesticides is inevitable and will continue to increase,
particularly in the case of herbicides, because of the present lack
of feasible alternatives for pest control.
b. Increased production per unit area on the essentially unchanged
area devoted to crop production in the Great Lakes Region is
necessary to meet the food requirements of the rapidly expanding
population therein. To produce such high crop yields more and
better production inputs, including pesticides, are needed.
c. Accumulated residues of pesticides, resulting from repeated
applications to agricultural soils, serve as reservoirs for
potentially transportable residues.
d. Soil erosion is a continuous geologic process but is accelerated
by farming activities. Agricultural runoff, laden with pesti—
cides, eventually reaches surface waters and provides low—level
concentrations of residues. Abatement of soil erosion is
proceeding only slowly and in a limited fashion.
e. The impact on water quality of agricultural use of pesticides is
great in the Great Lakes Basin due to the extensive farming
activities in the basin and the vast water surface area involved.
f. Agricultural use of pesticides in the Great Lakes Basin produces
similar processes and relationships to those reported in other
areas of the nation.
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3.1.1 Agricultural Activities
The Great Lakes Region consists of a total land area of 33,82u,200 ha
(83,579,700 acres)
(66).
In 1967 there were
11,579,000 ha (28,612,000
acres)
of cropland; 1,419,000 ha (3,506,000 acres) of pasture land; 16,035,900 ha
(39,52u,7oo acres) of forest land; 2,827,900 ha (6,987,700 acres) of urban
and built—up areas; and 1,963,800 ha (4,852,500 acres) of other land.
Cropland, including pasture, comprises the agricultural sector, and this
sector represents more than 38% of the land area of the region. Forestry
is practiced on 07% of the land; urban and built-up areas cover 8.4%; while
5.8% of the land is given over to other uses.
A wide variety of crops is grown in the region, including small grains,
row crops, hay, vegetables, and fruits (Table 1). Estimates indicate that
crop production is sufficient to supply the food and feed requirements of
the population and the livestock and dairy industry of the region. The
total cultivated cropland in 1967 comprised 8,361,700 ha (20,661,700 acres)
or over 6u% of the total agricultural land (includes cultivated cropland,
pasture, and idle cropland). Over u3% of the cultivated cropland is
devoted to row crops; 33% to hay and pasture; 17% to overall grains; and
7% to specialty crops (Table 2).
In order to sustain efficient crop production, good management prac-
tices are needed. Pest and disease control by pesticides has become
indispensable in many areas of crop production.
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of Lakes Michigan and Erie. Based on the total cultivated cropland in 1967,
crop production in terms of area in the five lake regions is in the order:
Lake Michigan (43%) >Lake Erie (33%) >Lake Ontario (12%) >Lake Huron (10%)
>Lake Superior (2%). Higher intensity of crop production in the Lake
Michigan and Lake Erie regions implies that more pesticides have been used
in these regions than in other lake regions.
3.1.2 Pesticide Use Patterns
In assessing the extent by which pesticides contaminate the environment
it is important to determine how much has been used. Estimates of quantities
of pesticides used by farms in 1966 (183) indicated that 160,000,000 kg
(353,000,000 lb) of active ingredients were usedfor crops, livestock, and
other purposes, representing 51% of the total quantity used in the United
States which was 310,000,000 kg (681,000,000 1b). Over 149,000,000 kg
(328,000,000 lb) were usedfor crops alone, which includes all crops,
pasture and rangeland.
According to the Census of Agriculture, 1969 (184) about 16,000,000 ha
(40,000,000 acres) of agricultural land in the eight Great Lakes States
were treated with pesticides, comprising 28% of the total area treated in
the United States. Pesticide usage in the Great Lakes Region and neigh—
boring areas indicated that herbicides are the leading types of pesticides
(>50%) used in treated areas followed by insecticides (183, 184, 205).
Use of other pesticides, such as nematocides, fungicides and defoliants,
are not as widely used as herbicides and insecticides. Herbicide use has
been rapidly increasing, while use of other pesticides has not changed
substantially.
An inventory of the kinds and quantities of pesticides used in the
Great Lakes Region was first attempted in 1966 (43). According to this
survey, 12,421,960 kg (27,378,000 1b) of pesticides (active ingredients,
including petroleum and sulfur) were applied, with crops (all crops,
pasture and rangeland)receivingthe largest share (86%), followed by live-
stock (12%), and other purposes (2.0%). The 9,431,942 kg (20,788,000 1b)
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The
most
widely
used
organochlorine
compounds
were
aldrin,
DDT,
heptachlor
and
toxaphene.
Corn
was
the
major
recipient
of
herbicides
and
insecticides.
Apple
and
vegetable
crops
received
substantial
amounts
of
insecticides
and
fungicides.
Pesticide
surveys
were
conducted
after
1966
in
five
Great
Lakes
States
on
f
i
e
l
d
c
r
o
p
s
(205)
a
n
d
in
W
i
s
c
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n
s
i
n
on
fruits,
ve
g
e
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s
,
a
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d
p
r
o
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Crops
(108).
These
surveys
were
not
specific
for
the
Great
Lakes
Region;
however,
they
reflect
changes
in
usage
of
pesticides
throughout
the
area,
p
a
r
t
i
c
u
l
a
r
l
y
in
M
i
c
h
i
g
a
n
and
W
i
s
c
o
n
s
i
n
.
The
study
concerningthe
general
farm
use
of
pesticides
was
recommended
by
a
task
force
created
by
the
GOVernors
of
Illinois,
Indiana,
Michigan,
Minnesota
and
Wisconsin
after
a
conference
in
April,
1969
to
review
the
pesticide
situation
at
that
time
as
it related
to
possible
pesticide
pollu—
tion.
Primary
emphasis
was
placed
on
the
major
field
crops
which
account
for
the
largest
share
of
pesticide
usage.
The
survey
was
conducted
for
3 Years (1969 to 1971) in all states of the group except Indiana which did
not
conduct
the
survey
in
1971.
In
1971,
approximately
18,900,000
ha
(us,eoo,ooo acres) of field crops were treated with pesticides in the four
lake
states,
an
increase
of
18%
over
1969.
Herbicides
accounted
for
79%
0f the treated area, with insecticides applied to nearly 20%.
Less than 1%
Of the area received fungicides. Herbicide usage increased by 28% from
1969
to
1971,
while
use
of
insecticides
decreased
by
10%.
About 13,H00,000 ha (33,200,000 acres) or 62% of the harvested area
0f 21,700,000 ha (53,600,000 acres) received herbicide and/or insecticide
treatment at least once in 1971, which is 8% more than in 1969 (Table 7).
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iABLE 3
Quantities used and area treated with selected fungicides, all crops,
U.S. Great Lakes Basin, 1966.* (adapted from Mywin and Ward (#3).)
+
Active Ingredients Area Treated
“ ' ' 2* —
tung1°lde’ kgx103 lbx103 Hax103 Ax1o3
Inorganic
Copper sulfates 11.4 25.2 9.9 11.0
Other coppers 57.8 126 14.4 35.6
Mercury compounds 2.6 5.8 11.7 28.8
Other inorganics no.0 88.2 5.8 19.8
TOTAL INORGANICS (NOT
INCLUDING SULFUR) 111 245
Organic
[ ‘ Dithiocarbamates
ﬂ 3 Maneb 278 613 35.9 88.6
” ‘ Zineb 382 842 87.2 215
, Ferbam 70 isu 18.5 85.8
1 Others 58 128 9.1 22.Q
% l‘ TOTAL DITHIOCARBAMATES 788 1,737
y ‘? Phthalimides
1 Captan 395 871 59.9 148
| Others 21 “7 8.9 9.6
i . TOTAL PHTHALIMIDES #16 918
A ; Karathane, Dodine,
1 1 1 Quinones 78.5 173 33.2 82.0
1 :§%1 Phenols 7.0 15.4 2.9 6.0
E 5::E Other organics 13.8 30.4 7.0 17.2
l,,}';
5, H,,; TOTAL ORGANICS 1,309 2,87u
ii i 1; TOTAL (NOT INCLUDING
-E 3 ;: SULFUR) 1,415 3,119
g; g if: Sulfur 501 1,105 26.3 65.0
g; i ifi TOTAL FUNGICIDES 1,916 9,22u
*Estimates based on use shown by the ERS Pesticide and General Farm
Survey, 1966.
**May include use forpurposes other than as fungicides.
+Not additive since one or more ingredients or different commercial
preparations of a single ingredient may be applied on same land
areas.
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 TABLE “
Quantities
used
and
are:
treatcd
with
selected
herbicides,
all
crops.
0.8.
Great
Lakes
Basin,
1966..
(Adapted
from
M
i
n
and
Hard
(“3%)
    
Active
Ingredients
A
n
a
Heated.+
H
c
r
b
i
c
i
d
n
“
3
a
3
3
kgxlo
lbxlo
Haxlo
Axlo
Inorganic
110
2“:
19.6
‘88."
Organic
Arsenicala
1.5
3.“
2.“
6.0
Prunoxy
2,“-D
1,202
2.650
1.681
“.153
2,“,5-1‘
21.1
“8.6
“5.0
111
HCPA
“5.2
100
89.3
222
other
2.0
“.“
9.6
23.8
TOTAL
PHENOXY
1,270
2,801
Phenyl urea
Muron
10.2
22.6
8.“
20.8
1.1an
116
256
78.0
193
Othu'
5.2
11.“
5.0
12.“
TOTAL
PHENYL
UREA
131
290
Amid“
Pmpachlor
201
““3
125
309
Pmpanil
«-
---
---
---
NPA
57.5
1“9
“6.0
119
TOTAL
AMXDES
269
592
Cuba-at"
CIPC
1nd
IPC
35.0
77.2
32.5
80.2
CDM
“32
953
29“
725
Other
128
278
37.8
93.“
TOTAL
CARBAHATES
593
1,308
Mnitro
group
11“
252
35.“
87.6
11-min”
Atruino
1,5“2
1.398
86“
2,136
Prcpazina
-—-_
---
---
no
Other
16.3
36.0
3.1
20.0
TOTAL TRIAZINES
1,558
3,“3“
Banzai:
2,3.G-TBA
2“9
5“9
119
292
Anibal:
323
713
309
763
Dielmbc
3.8
8.“
10.9
27.Q
TOTAL
BENZOIC
576
1.270
01:13.! orglnice
Tritium]. in
108
231
106
252
Others
103
226
63.0
156
TOTAL OTHER ORGANICS
21.1
“63
TOTAL ORGANICS (NOT
INCLUDING PETROLEUM) “.725 10,“).3
TOTAL HERBICIDES (HOT
INCDUDING PETROLEUM) “,935 10.658
Pmlcum
573
1.25“
210.8
61.“
TOTAL HERBICIDES
(INCLUDING PETROLEUM) 5,uoa 11,520
“Euthath based on use shown by the ERS Puticide and
Gunnll Fm Survay, 1968.
“May includo nu for purpose other than u hut-hidden.
’Xot additive sine. on: or more ingredients or different
maul preparations of I unzlu ingredient my be lppllcd
on an land true.
 
  
 
 
TABLE 5
Qu
an
ti
ti
es
us
ed
an
d
ar
ea
s
tr
ea
te
d
wi
th
se
le
ct
ed
in
se
ct
ic
id
es
,
al
l
cr
op
s,
0.5.
Grea
t La
kes
Basi
n,
1966
.*
(Ada
pted
from
Cywi
n a
nd W
ard
(031
)
 
Insecticides**
Active In edients
522.2222?
kg
xl
oa
1b
x1
03
Ha
xl
oa
Ax
lO
3
Ino
rga
nic
s
358
790
22.
1
50.
6
Bot
ani
cal
s
and
bio
log
ica
ls
0.3
0.6
2.7
6.8
Synthetic organics
Organochlorines
Li
nd
an
e
11
.0
20
.2
33
.3
82
.0
Str
oba
ne
--—
-—-
---
---
THE
(00
0)
00.
9
99.
0
11.
8
29.
2
DDT
138
305
72.
7
180
Met
hox
ych
lor
39.
“
86.
8
36.
H
90.
0
En
dr
in
0.
5
1.
0
1.
0
2.
0
Hep
tac
hlo
r
133
292
153
378
Die
ldr
in
16.
2
35.
8
20.
6
51.
0
Ald
rin
1,2
us
2.
7%
1,0
33
2.5
52
Chl
ord
ane
26.
0
57.
2
18.
9
06.
6
End
osu
lfa
n
1u.
o
30.
8
11.
2
27.
8
Tox
aph
ene
07.
0
104
26.
1
60.
”
Oth
ers
0.“
0.8
1.5
3.8
TOTAL ORGANOCHLORINE 1,715 3,780
Organophosphorus
Dis
ulf
oto
n
67.
0
109
47.
2
117
Bi
dr
in
--
-
--
-
--
-
--
-
Met
hyl
par
ath
ion
6.8
15.
0
0.8
2.0
Par
ath
ion
110
202
12
8
317
Mal
ath
ion
50.
“
111
86.
3
89.
8
Die
zin
on
230
507
216
533
Tri
chl
orf
on
0.2
0.0
0.1
0.2
Azi
nph
osm
eth
yl
71.
5
160
50.
0
12“
Eth
ion
32.
7
72.
0
10.
1
30.
8
Oth
ers
30.
2
66.
6
27.
7
68.
0
TOTAL ORGANOPHOSPHORUS 600 1.323
Cerbemates
Car
bar
yl
306
67“
82.
3
208
Oth
ers
16.
1
35.
“
24.
8
81.
0
TOTAL CARBAMATES 322 709
Other synthetic organics 1.1 2.“
TOTAL SYNTHETIC ORGANICS 2,639 5,816
TOTAL INSECTICIDES (NOT
INCLUDING PETROLEUM) 2,997 6.606
Pet
rol
eum
177
390
7.“
18.
“
TOTAL INSECTICIDES 3,175 6.997
*Ee
tim
ste
s b
ase
d o
n u
se
sho
wn
by
the
ERS
Pes
tic
ide
and
Gen
era
l P
erm
Survey, 1966.
*‘H
ay
inc
lud
e u
se
for
pur
pos
es
oth
er
tha
n a
s i
nse
cti
cid
es.
+No
t a
ddi
tiv
e s
inc
e o
ne
or
mor
e i
ngr
edi
ent
s o
r d
iff
ere
nt
com
mer
cia
l
pro
per
ati
ons
of
a s
ing
le
ing
red
ien
t m
ay
be
app
lie
d o
n s
ame
lan
d a
rea
.
 TABLE 6
Q
u
a
n
t
i
t
i
e
s
u
s
e
d
a
n
d
a
r
e
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t
r
e
a
t
e
d
w
i
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h
s
e
l
e
c
t
e
d
m
i
s
c
e
l
l
a
n
e
o
u
s
p
e
s
t
i
—
c
1
d
e
s
,
a
l
l
c
r
o
p
s
,
U
.
S
.
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
,
1
9
6
6
.
*
(
A
d
a
p
t
e
d
f
r
o
m
C
y
w
i
n
a
n
d
W
a
r
d
(
#
3
)
.
)
 
M
i
s
c
e
l
l
a
n
e
o
u
s
A
c
t
i
v
e
a
l
n
g
r
e
d
i
e
n
g
s
A
r
e
a
s
T
r
e
a
t
e
d
:
P
e
s
t
i
c
i
d
e
s
“
?
k
g
x
l
O
1
b
x
1
0
H
a
x
l
O
A
x
1
0
°
Miticides
D
i
c
o
f
o
l
2
1
.
3
4
7
.
0
1
1
.
9
2
9
.
4
C
h
l
o
r
o
b
e
n
z
i
l
a
t
e
0
.
9
2
.
0
0
.
7
1
.
6
Aramite
-_-
___
___
___
T
e
t
r
a
d
i
f
o
n
1
5
.
9
3
5
.
0
1
2
.
1
3
0
.
0
O
t
h
e
r
s
6
.
2
1
3
.
6
7
.
7
1
9
.
0
T
O
T
A
L
M
I
T
I
C
I
D
E
S
M
4
.
3
9
7
.
6
Fumigants
N
e
m
a
g
o
n
1
0
.
0
2
2
.
0
0
.
1
0
.
2
D
-
D
m
i
x
t
u
r
e
1
1
.
0
2
9
.
2
0
.
1
0
.
2
S
u
l
f
u
r
d
i
o
x
i
d
e
#
3
.
4
9
5
.
6
3
.
9
9
.
6
O
t
h
e
r
s
4
9
.
9
1
1
0
2
7
.
0
6
6
.
8
T
O
T
A
L
F
U
M
I
G
A
N
T
S
1
1
4
2
5
2
D
e
f
o
l
i
a
n
t
s
a
n
d
d
e
s
s
i
c
a
n
t
s
Arsenic
acid
_-—
--_
_-_
__-
M
a
g
n
e
s
i
u
m
c
h
l
o
r
a
t
e
-
~
-
-
-
—
-
-
-
-
-
-
D
E
F
a
n
d
F
o
l
e
x
7.5
16.6
4.9
1
2
.
0
O
t
h
e
r
s
—
-
—
-
—
-
-
-
-
-
-
-
T
O
T
A
L
D
E
F
O
L
I
A
N
T
S
A
N
D
DESSICANTS
7.5
16.6
Rodenticides
0.8
1.8'
3.0
7.4
P
l
a
n
t
g
r
o
w
t
h
r
e
g
u
l
a
t
o
r
s
Maleic
hydrazide
19.5
32.0
1.8
4.4
Others
0.1
0.2
0.5
1.2
TOTAL
PLANT
GROWTH
REGULATORS
lu.6
32.2
Repellents
2.8
6.2
1.1
2.6
TOTAL
MISCELLANEOUS
PESTICIDES
18H
406
*
O I
Estimates
based
on
use
shown
by
the
ERS
Pesticide
and
General
Farm
Survey,
1966.
o
I
**May
include
use
for
purposes
other
than
those
indicated.
+Not
additive
since
one
or
more
ingredients
or
different
commerical
preparations
of
a
single
ingredient
may
be
applied
on
same
land
areas.
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TAB
LE
7
lulu-led are"
of crop! ham-t
ed and crops t
reated with her
bicide- for fi
ve Great Lake-
Statel during 1
969. 1970 and
E971.' (Recalc
ulated from Can
er-l Fan Use o
f Pesucidu 1
971
Uiuconsln and
Illinois, Hichi
gln and Kinneoo
ta, Viuonoin
statistic-1 hpo
rtln; Service,
lponscred by th
e Hiaccnain De
partment of Agr
iculture and 0.
5. Department
of Agriculture
(205).)
Harvested
Illinois
Indiana
Michigan
Minnesota
Hiscons in
15133.1}
°" 3
3 ‘ 3
3 ‘ 3
3 1 3
3 ‘ 3
3 ‘ 3
3 ‘
Treated Y
ear HaxlO
Axio Treate
d Haxlo
A2110 Treate
d HaxlO
AxlO Treate
d HaxlO
AxlO Treate
d HaxlO
Ax10 Treate
d Haxlo
Axlo mate
d
     
CORN
Harvested
1969 14,039
9,980
1,983 I0,901
673 1,662
1,999 l1,93
9
1,079 2,66
6
1970 9,199 10,250
2,102 5,195
720 1,779 2
,139 5,295
1,111 2,796
1971 9,229 10,950
-— —-
902 2,230 2
,699 6,533
1,233 3,099
Treated 1969 3,913
9,933 99 1,727
9,267 97 595
1,995 67 1,529
3,765 76 932
2,055
1970 3,510 9,673 95 1,907 9,969 96 692 1,597 99 1,706 9,216 30 967 2,390
1971 3,722 9,196
99 - -
929 2,036 91 2
,231 5,513 99
1,069 2,630
SMALL Gums"
Ham-tad 1969 916
2,016 999
1,221 965
1,199 2,017
9,995 722
1,799
1970 666 1,695 992 1,093 999 1,097 1,969 9,966 719 1,777
1971 659 1,629
- —-
920 1,039 2
,233 5,519
661 1,639
Treated 1969 8 21 19 '48 ‘6 1'47 369 31 1,212 2 ,99'4 60 150 370
1970 22 55 156 385 35 1 ,105 2 ,732 56 170 I020
1971 59 1'67
—- -
166 I610 W 1
,563 3,863 70
162 H00
SOYBEANS
Harvested 1
969 2,729
6,730
1,390 3,311
209 519
1,292 3,06
9
70 179
1970 2,752 6,900 1,390 3,311 212 :29 1,266 3,129 62 153
1971 2,999 7,150 —- - 219 590 1,159 2,951 52 129
Treated 1969 1,907
9,711 70 923
2,280 69 118
292 57 690 1
,706 56 35
87
1970 1,970 17,867 72 951 2,350 71 1310 330 63 783 1,936 62 31 77
1971 2,289 5,656 79 - - 1511 380 70 793 1,960 69 2'0 59
HAY
Harvested 1969 503 1,293 397 956 601 1,995 1,350 3,336 1,629 9,022
1970 510 1,260
377 932
577 1,925 1,
309 3,231 1
,625 9,016
1971 999 1,220
- ——
597 1,950 1
,315 3,250
1,653 9,096
Treated 1969 30
75 97
117 12 101
250 17 19
99 1 9 9
20
1970 23 57 99 292 17 20 0.6 9 22
1971 22 55
—- —-
73 191 12
13 0 9 11
29
MISCELLANEOUS c9095++
Harvested 1969 - - - —- 272 671 - -
1970 - --
-— -
239 590
165 907
1971 - _-
« —-
239 590
97 290
Treated 1969 —-
—- -
- 200
993 79 ——
-
1970 -— -
-— -
196 999 92
113 290 69
1971 -— -
- -
205 507 96
59 193 60
TOTAL
Harvested 1969 9,091
19,969 9,209
10,399 2,219
5,991 6,609
16,329 3,502
9,653
1970 9,076
19,955
9,262 10,531
2,191 5,91
9
6,997 16,31
9
3,521 9,70
1
1971 9,275 20,999
-— - 2,
367 5,999 7
,993 19,392
3,609 9,906
  
I
n
0
1
n
0
N
H
0
0
!
m
m
bH
(
D
I
!
"
N
0
m
m
[
‘
5
0
1
M
n
f
‘
(
0
3
.
:
F
4
9
4
?
)
Treated 1969 5,358 13,290 66 2,716 6,712 65 1,151 2,816” 52 3,995 8,513 52 1,026 2,535
1970 5,525 13.65? 68 2,803 6,925 66 1,225 3,028 56 3,717 9,18“ 59 1,178 2,912
1971 6,092 15,059 7'0 - - 1,322 3,519 60 9,651 11,992 62 1,26“ 3,129
‘Area treated with both herbicide and insecticide or more than once with either are counted only once.
“Does not include Indiana because of lack of data in 1971
,Includes oats. wheat, barley and rye
0.0!? ben- 1n Nichigan, flax in Minnesota and tdaacco in Wisconsin
Co
r
n
r
e
c
e
i
v
e
d
5
8
%
o
f
t
h
e
t
r
e
a
t
m
e
n
t
,
s
o
y
b
e
a
n
s
2
u
%
,
s
m
a
l
l
g
r
a
i
n
s
1
4
%
,
a
n
d
h
a
y
l
e
s
s
t
h
a
n
1%.
L
a
r
g
e
p
o
r
t
i
o
n
s
o
f
t
h
e
h
a
r
v
e
s
t
e
d
a
r
e
a
o
f
c
o
r
n
(
8
7
%
)
,
s
o
y
b
e
a
n
s
(75%),
and
small
grains
(50%)
were
treated.
Less
than
3%
of
the
hay
area
r
e
c
e
i
v
e
d
a
n
y
p
e
s
t
i
c
i
d
e
.
A
t
r
a
z
i
n
e
,
a
l
o
n
e
or
in
c
o
m
b
i
n
a
t
i
o
n
,
a
n
d
p
r
o
p
a
c
h
l
o
r
w
e
r
e
t
h
e
h
e
r
b
i
c
i
d
e
s
m
o
s
t
c
o
m
m
o
n
l
y
u
s
e
d
o
n
c
o
r
n
b
o
t
h
f
o
r
p
r
e
—
e
m
e
r
g
e
n
c
e
a
n
d
p
o
s
t
-
e
m
e
r
g
e
n
c
e
a
p
p
l
i
c
a
t
i
o
n
(
T
a
b
l
e
8).
T
h
e
a
m
i
n
e
a
n
d
e
s
t
e
r
f
o
r
m
u
l
a
t
i
o
n
s
o
f
2
,
u
-
D
w
e
r
e
e
x
t
e
n
s
i
v
e
l
y
u
s
e
d
f
o
r
p
o
s
t
-
e
m
e
r
g
e
n
c
e
t
r
e
a
t
m
e
n
t
o
f
corn.
A
m
i
b
e
n
wa
s
u
s
e
d
o
n
a
l
m
o
s
t
h
a
l
f
o
f
t
h
e
s
o
y
b
e
a
n
s
t
r
e
a
t
e
d
.
M
C
P
A
a
n
d
2
,
u-
D
a
m
i
n
e
w
e
r
e
t
h
e
l
e
a
d
i
n
g
h
e
r
b
i
c
i
d
e
s
a
p
p
l
i
e
d
t
o
s
m
a
l
l
g
r
a
i
n
s
.
Most
o
f
the
insecticides
were
uSed
on
corn
largely
as
pre—emergence
treatments
(Table
9).
Only
small
portions
of
the
soybean,
small
grain,
and
hay
area
were
treated
for
insects.
Aldrin,
carbofuran,
phorate,
diazinon
and
buxten
were
the
major
insecticides
used
on
corn.
Major
insecticides
used
for
other
field
crops
were
ofthe
organophosphorous
and
carbamate
types.
A
sharp
decline
in
the
usage
of
organochlorine
insecticides
was
reported
in
the
four
Great
Lakes
States
for
1971.
Less
than
1,400,000
ha
(3,500,000
acres)
of
field
crops
(6%
of
the
treated
area)
were
treated,
a
decrease
of
20%
from
1970.
Aldrin,
used
primarily
on
corn,
topped
all
other
organo-
chlorine
insecticides,
with
heptachlor
and
chlordane
being
used
to
lesser
extents.
The
usage
of
DDT
on
field
crops
in
1971
continued
to
be
minimal.
The
use
of
insecticides
on
vegetables,
fruits
and
crops
for
processing
in
Wisconsin
was
surveyed
in
1969
(108).
Approximately
83,925
ha
(207,380
acres)
or
51%
of
the
total
area
of
vegetables
and
crops
for
processing
and
9,841
ha
(2H,317
acres)
or
97%
of
the
total
fruit
area
were
treated
with
inSecticides.
Of
the
#63,880
kg
(1,022,385
lb)
total
insecticides
applied
in
1969,
about
65%
was
used
for
vegetables
and
crops
for
processing.
Sweet
corn,
potatoes,
and
apples
received
major
portions
of
the
insecticides.
In
the
Lake
Michigan
region
of
Wisconsin--which
constitutes
31%
of
the
insecticide-treated
area
of
the
state—-approximately
177,092
kg
(390,310
lb)
or
38%
of
the
total
insecticides
was
used.
A
wide
variety
of
Chemicals
were
applied
(Table
10).
Lead
arsenate,
carbaryl,
phorate,
malathion,
parathion,
azinphosmethyl,
and
toxaphene,
in
that
order,
were
the
leading
insecticides
used.
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TA
BL
E
8
Rate
of a
ppli
cati
on a
nd e
stim
ated
area
trea
ted
with
majo
r he
rbic
ides
in f
our
Grea
t La
kes
Stat
es f
or 1
971.
(Rec
alcu
late
d
from
Gene
ral
Farm
Use
of P
esti
cide
s 19
71 W
isco
nsin
and
Illi
nois
, Mi
chig
an a
nd M
inne
sota
, Wi
scon
sin
Stat
isti
cal
Repo
rtin
g
Ser
vic
e,
spo
nso
red
by
the
Wis
con
sin
Dep
art
men
t o
f A
gri
cul
tur
e a
nd
0.5.
Dep
art
men
t o
f A
gri
cul
tur
e (
205)
.)
Avenue
rate of
applica
tion pe
r unit
urea“
Estimt
d are:
(mated
.
Illin
ois
Michi
gan
Minne
sota
Hilca
nsin
Inim
i-
Hir‘i
un
Finne
sou
Visco
nsm
Herb
ie“:
htia
n‘
It; a
t um
-
).b or
qt
kg 00
- lhe
r
1b a-
qt
kg or
.11th
1D or
qt
kg al
- “fo
r
1.6 or
qt
“0111
0a
A110
1 M
1103
A2110J
#11111
03
Ratio“
11.1m
e
A1103
 
A1
1
he
rb
ic
id
al
'
0
0
!
'
6
0
1.0
2.2
0.
I
( 3.310
0,170
507
1.252
1.339
3.300
735
1.015
nun..
.
1.0
2.2
1.1
2.3
0.02
1.0
0.96
7.1
703
1.1m
353
372
as
002
52:
1.291
Axr
azi
ne
and
1.9
0.2
1.1
prop
achl
ar
3 6
9.
1
6.
7
Atra
zine
md
0.73
1.6
0.09
1.5
0.70
1.7
0.7!
1.7
allc
hlor
V
.
.
.
Atrlz
ine I
nd
0.69
1.5
0.73
1.6
1-0
2.2
"mm 061 091 6 20 16 39 3 . 6 9
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Rate of application and
estimated area
treated
with major
insecticides
in
four Great
Lakes States
for 1971.
(“calm-‘th
from General
Fan
Use of Insecticides
1971 Hisconsin
and Xllinois.
Michigan and
Minnesota,
Hieconsin Statistical
“WW1”
Service,
Sponsored
by the
Wisconsin
Department
of Agriculture
and
U.S.
Department
of Agriculture
(205))-
O
Averarze rate of anplication par unit area“
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2.0
It.“
93
230
15
38
38
9“
27
57
 
Heptachlar
GP
2.6
5.0
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*Before diluting, HP is weight of Hettable powder; GP is weight of granular powder; L'.‘ is volure of liquid concentrate
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Where no rates are shown,
no or
insufficient
reports were
received to
obtain conclusive data.
9
Areas
treated more
than
once
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for
each
treatment.
      
TAIL! 10
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Vilcmin in 1962 and 1969. Exccrpced and "calculated from Libby, Histonlin Cmtcial Fruit and
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1952 1959
Area treateﬂ Insecticide 115:3 Area treated Insecticide used
Inucticido Ha A F3 lb Ha A kl 11>
Aldrin 0,243» 11.079 8.602 18 .960 o o 0 0
Azinphosmthyl 138 3‘31 370 1,918 3 .018 7.‘653 10 .380 23 .930
36013110 -- -- -- -- 369 91.1 -' "'
Mary}. 1.015 2.508 15.175 85.651 0.971 12.097 39.503 010.0017
Chlm. 20 50 39 83 223 550 523 1,385
Chloropropyhto -- -- -- -- 53 131 150 331
DB? 3,265 20,1026 110,1“3 242 .769 1,727 I7.257 9.095 20,036
Maxim 190 “70 8'93 1.857 1,023 2,541. 9.3.73 20.892
DIM”! 1.979 “.890 3.839 3.0103 22 5‘0 31 53
Dun-ton la “5 10 23 2% 59" 79 175
bimbo“. -- -- - -- 8‘0 207 '87 10“
Diwetan -- -- -- -- 1,710 “.226 “.565 10 .053
Endoculfln 559 1,381 965 1,907 2,328 5.753 HJWS 9,797
Endrin 1.70» 0.310 915 2.019 0 o 0 0
Ethion 300 939 796 1.750 357 881 511 1.126
aux-dan- -- -- -- -- 225 557 2.59»; s .710
0.9111. 59 170 509 680 0 0 0 0
mptnohlor 3.2 a 1. a u o o 0 0
“113‘”. 127 315 129 28“ 7“ 182 1u2 312
Load mount. 1.255 9.100 as .092 105.979 1.928 n .516 39 .007 86,858
Hal-thin 2,1052 5.059 25.239 57,83“ 2,077 5,133 13,739 30,280
Hothoxychior 798 1.971 20.77“ 145,788 96 236 1,102 2.“29
Hot-«Synod -- - -- - '07 115 25 58
“0713]!!!” 956 2 .853 686 1,512 385 952 232 822
Hothouyl -- -— ~- -- 1.197 2 .957 a .039 0.990
Hit“ "9 122 1‘45 322 0 D 0 O
Ion-tun -- -- -- -- 3“ 83 ‘0“ 95
"I106 259 865 302 565 155 355 250 550
M 191 '‘73 31W 758 0 0 0 0
Pmthion “.3‘“) 10.725 17.169 37,3‘73 5.065 12.515 11,578 25.51“
tht. 2.013 “.975 5.876 12,952 5,688 1“.055 15.293 35.390
MM“ “O 100 223 “9'4 2‘03 500 .1 .250 2.755
PM 0 0 O 0 25 51 85 139
Rattan. 0 0 0 0 1.2 8 2 . 8 3
TD: (30”) “75 1.17“ 6 .211 13 .590 89 221 71" 1,573
m '02 1.05 ‘W 98 25 63 183 “15
1'on 218 538 “51 1,105 7'4 133 125 277
1mm 2.955 7.302 39,792 76.553 1.0u0 2.570 7.609 15.770
hithin “3 108 37 81 5.3 13 7.3 15
VC-l’ .651 1,11“ 350 79“ 257 535 8'02 75“
MAI. 95.590 07,929 905 .095 672.331 30.051 85.6107 177.086 390.310
‘Docr Canny not inoludod
  
A comparison between the
survey
in 1962
(107) and
that in
1969
(108)
revealed a decreasing trend in the area treated and total quantity of
insecticide applied (Table 10).
Howevar, there was a significant shift
in the kinds of chemicals uSed.
The use of organochlorine insecticides,
especially DDT, aldrin, methoxychlor, TDB (DDD), toxaphene, dieldrin and
endrin,was either decreased drastically or discontinued entirely. This
was accompanied by a rapid increase in the use of carbamate (particularly
carbaryl) and organophosphorous (diazinon, phorate, disulfoton, and
phosphamidon) insecticides.
It has been shown in the preceding discussion that pesticides are uSed
widely in the Great Lakes Region. In one way or another, more than half
of the harvested area for crop production has been treated with pesticides.
Herbicides are the predominant pesticides used and their use has been
increasing in recent years. Shifts to use of differentinsecticides are
evident. The use of organophosphorous and carbamate insecticides has
increased, while the use of organochlorine insecticides has declined
sharply. Field crops receive most of the pesticides, particularly the
herbicides and inSecticides. Major proportions of the herbicides and
insecticides have been used to protect row crops, i.e., corn and soybeans.
Sweet corn, potatoes and apples received considerable insecticidal treatment.
The surveys mentioned, though not accurate, represent the best avail-
able data. Obviously, more comprehensive inventories of the kinds and
amounts of pesticides used in the region are needed, especially since some
organochlorine insecticides were placed on the restricted use list.
3.2 Length of Time of Pesticide Usage Practice on Agricultural Land
The use of pesticides dates back a hundred years, but usage did not
increase tremendously until about 19u5 when DDT was introduced commercially.
A rapid growth of the organic pesticide industry followed for the next two
and a half decades (184). Chemical control has revolutionized agricultural
production, with the attainment of high crop yields never before realized.
Almost all agricultural practices formerly used to combat weeds, insects,
and diseases were shifted to favor the use ofpesticides. Since the intro—
23
  
   
duction of DDT, a myriad of chemicals have been synthesized. Approximately
3Q,500 pesticide products are currently registered with EPA and USDA (67).
Farmers use the largest volume of pesticides, but about one half of the
registered products are utilized bypersons other than farmers.
DDT was believed to be used first in the Great Lakes watershed in the
late leuo's (148). Although no comprehensive record exists of the types
and amounts of pesticides used for various crops grown in the watershed,
fragmentary evidence presented under Section 3.1.2 shows that pesticides
have been used extensively, probably for the past 25 years. Types and
amounts of pesticides used depend upon the crop grown. Field crops and
orchards have been treated quite heavily while pasture land received
little. Only in recent years have attempts been made to restrict the use
of the persistent organochlorine insecticides and replace them with the
less persistent organophosphorous and carbamate types of insecticides.
3.3 Types and Nature of Pesticide Pollutants
All agriculturally—applied pesticides are potential pollutants of
aquatic ecosystems. The type andnature of pesticide residues reaching
the Great Lakes from agricultural watersheds is controlled largely by:
l. amounts, intensities,and lengths of time pesticides have been applied;
2. persistence and/or residence time in the watershed; and 3. mobility of
residues.
3.3.1 Insecticides
The organochlorine insecticides are the pesticides most studied from
the standpoint of environmental contamination. Because of their long
persistence in soils they provide a greater potential than other pesticides
for contaminating aquatic systems. Furthermore, their low water solubilities
make them strongly adsorbed to soil colloids, facilitating transportation
by erosion. Numerous persistency studies indicate that the residence time
of such commonly-used compounds as DDT, dieldrin, aldrin, chlordane,
heptachlor, and lindane in soils is several years (#5), and DDT is detected
2“
  
frequently over a decade after application.
Use of organophosphorous and carbamate insecticides increased rapidly
following restriction on the use of organochlorine insecticides in many
Great Lakes States after 1969. Although organophosphorous compounds are
more toxic to mammals than the organochlorine compounds, they persist for
a relatively shorter length of time in soils (94). Similarly, the carba-
mates
do
not
persist
long
in
soils
(158)-
3.3.2 Herbicides
Herbicides are generally less ubiquitous in the environment than
organochlorine insecticides. However, compounds such as s-triazine herbi—
cides, picloram, monuron and related substituted ureas, and 2,u,5-T often
remain in soils for at least a year after application (5). Atrazine is a
widely-used herbicide for field crops, particularly corn. 2,u—D and the
carbamate herbicides are short-lived in soils.
3.3.3 Fungicides
Unlike herbicides and insecticides, the fate of fungicides in soils is
practically unknown. Major usage of fungicides occurs in orchards and
vegetable farms, which abound in the Great Lakes watersheds. Mercurial
fungicides have been a recent concern following the detection of mercury
contamination of the Great Lakes in early 1970 (182). SinCe the use of
mercury fungicides has been severely restricted, agricultural usage of
mercury is negligible in comparison to industrial usage (15”). In addi-
tion, the proportion of croplands treated with fungicides is small compared
to the area treated with herbicides and insecticides. Considering these
facts, it is doubtful that agricultural fungicides are contributing pollu-
tion to the Great Lakes.
3.3.u Degradation Products
It i
s we
ll k
nown
that
the
meta
boli
tes
dete
cted
usua
lly
in t
he p
arti
al
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5
1
ti‘ degradation of DDT are DDE in aerobic systems and TDB (DDD) in anaerobic
%£ systems. DDE appears to be resistant to aerobic and anaerobic metabolism,
'1 thus its accumulation is possible in aquatic environments. Other pesti—
cides may be metabolized to compounds equally or more active than the
parent compound, as shown in the epoxidation of aldrin and dieldrin.
Metabolites of many pesticides have not, as yet, been clearly identified,
nor have their possible toxicity, persistence and accumulation in the aquatic
ecosystem been defined adequately.
‘§_; 3.” State-of—the—Art in Assessing and Quantifying Problems
5 The discussion of this section is covered extensively and is integrated
in several sections, namely, 3.1.2, 3.5, and 3.6, and no further discussion
is presented in this section.
3.5 Mobility of Pesticides in Soil, Groundwater, and Surface—Water Systems
Pesticides used to protect crops and pastures from weeds, insects, and
diseases may enter the Great Lakes via: 1. the atmosphere, 2. groundwater,
;,;;_ and 3. surface runoff. The discussion on pesticide entry will not be limited
I to information gathered in and around the Great Lakes Basin, but will include
pertinent information obtained elsewhere.
A general scheme of the distribution and fate of herbicides in the
biosphere is shown in Fig. l (55). Although the diagram was prepared for
herbicides, it is equally applicable to other pesticides and is entirely
self—explanatory.
3.5.1 Pesticide Movement to the Atmosphere
The atmosphere becomes contaminated with pesticides by: l. drift
during application, 2. volatilization, direct or from soil and other
surfaces, and 3. wind erosion. That the atmosphere is contaminated with
pesticides is well—documented (52).
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Fig. 1 Scheme showing the possible distribution and fate of
herbicides and their degradation products in the
biosphere. Redrawn from Fay and Bingham (55).
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3.5.1.1 Drift
Dr
if
t
is
th
at
po
rt
io
n
of
sp
ra
y
th
at
is
mo
ve
d
aw
ay
fr
omt
he
ta
rg
et
ar
ea
by
wi
nd
or
ot
he
r
me
te
or
ol
og
ic
al
fa
ct
or
s.
Th
e
im
po
rt
an
ce
of
in
ad
ve
rt
en
t
lo
ss
es
fr
om
dr
if
ti
ng
sp
ra
ys
an
d
du
st
s
ha
s
be
en
fu
ll
y
re
co
gn
iz
ed
(1
30
).
Ae
ri
al
sp
ra
yi
ng
,
wh
ic
h
is
a
mo
re
wi
de
ly
us
ed
me
th
od
of
ap
pl
ic
at
io
n
as
op
po
se
d
to
gr
ou
nd
ap
pl
ic
at
io
n
(1
2a
,
18
“)
,
co
nt
ri
bu
te
d
mo
re
pe
st
ic
id
e
po
ll
u-
ti
on
to
th
e
at
mo
sp
he
re
th
an
th
e
la
tt
er
me
th
od
.
Dr
if
t
lo
ss
es
ra
ng
in
g
fr
om
25
to
75
%
of
th
e
qu
an
ti
ty
ap
pl
ie
d
ha
ve
be
en
es
ti
ma
te
d
fo
r
pe
st
ic
id
es
ap
pl
ie
d
ae
ri
al
ly
(4,
28,
85,
187
,
188
,
206
).
Th
e
ex
te
nt
of
dr
if
t
an
d
su
bs
eq
ue
nt
di
sp
er
sa
l
an
d
tr
an
Sp
or
t
of
th
e
pe
st
ic
id
e
in
th
e
ai
r
ar
e
go
ve
rn
ed
pr
im
ar
il
y
by
pr
ev
ai
li
ng
co
nd
it
io
ns
,
fo
rm
ul
at
io
n
of
th
e
ma
te
ri
al
,
an
d
me
th
od
of
ap
pl
ic
at
io
n.
Hi
gh
te
mp
er
at
ur
es
an
d
wi
nd
y
co
nd
it
io
ns
(3)
as
we
ll
as
fi
ne
pa
rt
ic
le
si
ze
-—
su
ch
as
du
st
s
(3
,
60
)-
~a
cc
en
tu
at
e
dr
if
ti
ng
.
Dr
if
t
lo
ss
es
co
ns
eq
Ue
nt
ly
re
du
ce
ap
pl
ic
at
io
n
ef
fi
ci
en
cy
,
ne
ce
ss
it
at
in
g
mo
re
fr
eq
ue
nt
ap
pl
ic
at
io
ns
,
in
cr
ea
se
co
st
s,
an
d
cr
ea
te
ha
za
rd
s
to
no
nt
ar
ge
t
or
ga
ni
sm
s
an
d
th
e
en
vi
ro
nm
en
t.
Th
e
qu
an
ti
ty
an
d
ex
te
nt
of
dr
if
t
ca
n
be
re
du
ce
d
by
co
n-
si
de
ri
ng
a
co
mb
in
at
io
n
of
in
te
rr
el
at
ed
fa
ct
or
s
su
ch
as
sp
ra
y
fo
rm
ul
at
io
n,
ty
pe
of
sp
ra
y
eq
ui
pm
en
t
use
d,
in
cl
ud
in
g
at
om
iz
er
s,
me
te
or
ol
og
ic
al
fa
ct
or
s,
and spray method (118).
3.5.1.2 Volatilization
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 142, 173, 175, 176, 200, 202), soil organic matter content (2, 70, lu3,
173) and pesticide concentration in the soil (51, 175).
Field measurements indicate that significant volatilization loss
may occur if pesticides are not incorporated in the soil. Losses have
been observed for DDT (85, 200), TDE (DDD) (200), dieldrin (30, 176, 202),
endrin (201), TDE (200), lindane (174, 175, 176), heptachlor (31), and
IPC and CIPC (lu2). It appears that incorporation of some of the more
volatile pesticides into soil immediately after application is necessary
to prevent excessive loss to the atmosphere. However, under normal
farming practice pesticide incorporation is not always possible. Many of
the herbicides are mixed into the soil or banded in the row below the
soil surface, while many insecticides and fungicides are applied on soil
and
plan
t su
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es.
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 (38, 19%).
Their distribution away
fromapplication sites is dependent
on the prevailing wind movement and rate of fallout.
Pesticide-laden
dust may also
originate from dislodgement
of the
soil-pesticide complex
due to wind erosion (38, 121).
Wind erosion may provide an important
atmospheric source of pesticides when the pesticides are redeposited on
watersheds
and
waterbodies.
Earlier discussions show ample evidence of atmospheric contamination
by pesticides from drifting spray, by air-borne particulate matter, and
through volatilization from soil surfaces. Bythese means, the potential
for polluting areas not treated directly withpesticides is great when
the pesticides are removed from the atmosphere through gravitational
fallout and rain washout. Precipitated dust collected in Cincinnati
after a dust storm indicated the presence of DDT, chlordane, Ronnel,
and DDE as the major pesticide components of the dust (38). Heptachlor
epoxide, 2,“,5-T and dieldrin were present in lesser amounts. The
concentration ranged from 3 ng/g (3 ppb) dieldrin to 600 ng/g (600 ppb)
DDT based on the air-dried weight of the dust. It was believed that the
dust originated in the southeast of the United States where agricultural
fields were treated heavily withpesticides. A country-wide attempt to
determine atmospheric contamination by pesticides was performed by
collecting samples in nine locations which included urban and rural
sampling sites (178). Nineteen pesticides and metabolites were sought
in the samples. Detected pesticide levels ranged from the lower level
of detection of 0.1 ng/m3 air (2.67x10'12 ounces/yds) to as high as
1,560 ng/m3 (n.15xio‘° ounces/yd3) p,p’ DDT, 2,520 ng/m3 (6.73x10"
ounces/yda) toxaphene, and 465 ng/m3 (1.24x10-a ounces/yda) parathion.
Only DDT was found in all localities. LeVels of DDT in the atmosphere
were higher in agricultural areas, and atmospheric content was more
closely correlated with spraying activitiesthan with rainfall.
Data revealed that DDT distribution in coastal and oceanic waters
results from fallout of airborne particulate material (151). This implies
that a vast areaof water surface, such as the Great Lakes, may receive
significant inputs of pesticides from the atmosphere (89). Normal levels
of airborne pesticides could be low, but thereturn of these compounds
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and to a lesser extent with clay content.
Retention of acidic and basic
compounds is affected markedly by soil pH (an, 75, 79, 189, 192).
Soil
reaction controls the overall charge of the molecule and hence its adsorp—
tivity to clay and organic colloids.
The organic cations, diquat and
paraquat, are held strongly by clay minerals and are often adsorbed
irreversibly (193). Weakly~adsorbed water—soluble compounds are desorbed
readily by water and hence pose a greater potential for leaching, depend-
ing upon the composition and amounts of the soil colloidal fractions.
Numerous studies have been conducted to determine the relative mobiln
ities of pesticides in soils. The findings of these investigations are
summarized in Table ll (82). The organochlorine insecticides—~which have
limited water solubility--arethe least mobile, followed by the organophos—
phorous insecticides. The water—soluble acidic herbicides are most mobile.
Most of the pesticides, such as triazines, phenylureas and carbamates,
have intermediate mobility. Within a diverse group of pesticides, relative
mobility is related essentially to solubility.
Organochlorine insecticides are, in general, nonleachable. Field
trials have shown that they are retained largely in the upper 15 to 20 cm
layer of most agricultural soils (1”, 38, 37, 46, 102, 112, 117, 133, 167,
180, 199, 203) including aquifers (159). Any movement to lower depths and
subSequently to water tables is attributed by some investigators to be the
result of the physical transport of adsorbed or particulate compounds by
water through vertical cracks formed during dry periods (180, 199). Thus,
holes made by soil animals may be important in the downward movement of
pesticides.
Limited data on pesticide concentration in groundwater collected on
treated watersheds and in wells indicate that low or negligible quantities
of pesticides are transported through the soil profile (88, 90). However,
in areas with a shallow and fluctuating water table, frequently found in
coastal sandy soils (102) and aquifers (159), appreciable amounts of
pesticide may find their way to the underlying water; this is especially
true for the soluble herbicides. Toxaphene and fluometuron which reached
groundwater were foundby LaFleur et al. (102) to persist for a year.
In summary, the entry of a particular pesticide to groundwater is
defined by soil type, depth to water table, rainfall infiltration and
33
 
    
TABLE ll
Relative mobility of pesticides in soils*
(Adapted from Helling et al. (82).)
Mobility Class**
5 u 3 2 l
TCA+ Picloram Propachlor Siduron Neburon
Dalapon Fenac Fenuron Bensulide Chloroxuron
2,3,6-TBA Pyrichlor Prometone Prometryne DCPA
Tricamba MCPA Naptalam Terbutryn Lindane
Dicamba Amitrole 2,H,5—T Propanil Phorate
Chloramben 2,4—D Terbacil Diuron Parathion
Dinoseb Propham Linuron Disqubton
Bromacil Fluometuron Pyrazon Diquat
Norea Molinate Chlorphenamidine
Diphenamid EPTC Dichlormate
Thionazin Chlorthiamid Ethion
Endothall Dichlobenil Zineb
Monuron Vernolate Nitralin
Atratone Pebulate C—6989
WL 19805 Chlorpropham ACNQ
Atrazine Azinphosmethyl Mbrestan
Simazine Diazinon Isodrin
Ipazine Benomyl
Alachlor Dieldrin
Ametryne Chloroneb
Propazine Paraquat
Trietazine Trifluralin
Benefin
Heptachlor
Endrin
Aldrin
Chlordane
Tbxaphene
DDT
*From data of Gray and Weirlich (6M), C. I. Harris (77), Helling (81), Koren et
al. (101), Nash and Woolson (133), and many other references.
**Class 5 compounds (very mobile) to Class 1 compounds (immobile); in each class
pesticides are ranked in estimated decreasing order of mobility.
+Names of herbicides are set in normal type; insecticides, fungicides, and
acaricides in italics.
3H
 persistence
of
the
compound
in
the
soil.
Available
information
indicates
that
pesticide
contamination
of
groundwater
under
normal
agricultural
usage
is
minimal.
However,
a
need
exists
for
more
information
on
the
extent
of
pesticide
pollution
as
pesticides
are
known
to
enter
underlying
water
through
cracks
and
through
sand
and
aquifers.
The
fate
of
pesti—
cides
in
subsurface
environments
and
movement
of
contaminated
groundwater
to
aquatic
systems
is
absolutely
unknown
(155).
3.5.3
Pesticide
Movement
by
Surface
Runoff
Pesticides
present
on
agricultural
land
may
be
transported
through
surface
runoff
either
in
solution
and/or
as
adsorbed
molecules
on
suspended
eroded
soil
particles.
Since
surface
soils
are
susceptible
to
erosion,
pesticides
retained
in the
plow-depth layer are potentially transportable
by
surface drainage.
The rate
and magnitude
of pesticide loss by runoff
depends principally on soil properties, nature of the pesticide, and
climatic factors such as frequency, intensity, and duration of rainfall
(9, 22, #9, 50, 8k, 138). Modifying factors include topography, vegeta—
tive cover, rate of application, time between application and first
rainfall, and size of the watershed (12, 15, 2M, 73, 199). The movement
and persistence of pesticides in the soil affect the amount of residues
present in the surface soil as well as that in runoff.
Factors affect—
ing the movement and persistence of pesticides in soil have been reviewed
(10, 45, 82, 95).
Surface runoff from agricultural watersheds has been implicated as
the major avenue of pesticide input to the Great Lakes and other aquatic
systems (35, 103, 131, 139, 148, 204), especially the organochlorine
insecticides. As yet, no comprehensive effort has been made to determine
the contribution of agricultural runoffto the total pesticide burden of
the environment. Investigations conducted in small treated watersheds
demonstrated the lateral movement of pesticides, and data from several
studies are summarized in Table 12 (1&4). Table 12 reveals that losses
of most organochlorine insecticides relative to the amount applied are
low even for surfaCe—applied insecticides. Once the soils are contaminated
with the more persistent organochlorine insecticides like DDT, these
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 compounds will reside in the soil for an indefinite period of time and
are capable of being carried from one season to the next (8M). Thus, the
possibility exists that persistent pesticides associated with the soil are
subjected continually to runoff, thereby providing a steady, low—level
residue to aquatic systems.
Generally, investigations show that pesticide concentrations in runoff
are many times greater in the period immediately following application than
at later times (12, 22, 30, H6, #9, 152, 181, 199). This period may last
for as much as u months but is time—dependent. Levels at later periods
would depend mainly on the pesticide reservoir residing in the soil that
is available for transport. Processes such as volatilization, adsorption,
degradation, photodecomposition, and leaching will determine, to a large
extent, the level of residues remaining at a particular time.
Periods of accelerated loss following application are observed for
several herbicides (Table 12). Rainfall or irrigation occurring immediately
following application caused large losses of weakly adsorbed compounds
(12, 181, 196) and accelerated loss of the more strongly adsorbed compounds
(30, #9, 72, 84, 199). Losses of 2,u-D varied according to the formulation
and decreased with increase in solubility. This suggests that downward
movement of more soluble compounds into the soil protects them from runoff.
In most treated farmlands, loss following application appears to be
affected not only by the availability of runoff—causing rainfall but also
on the elapsed time between application and rainfall. Some studies show
that concentration of endrin and aldrin in runoff decreased by a factor
greater than two where rainfall was delayed 3 to 7 days (72, 199). The
time interval from application to the first irrigation affected the amount
of picloram remOVed with surface water or leached into the soil profile of
semi-arid rangelands (157). The lower levels associated with delayed rain-
fall or irrigation is probably attributableto reduced quantities of
residues resulting from degradation, volatilization, and photodecomposi-
tion. This is of greater importance with the more volatile and less
persistent pesticides. Persistent pesticides tend to accumulate in the
top
soil
maki
ng t
hem
acce
ssib
le f
or t
rans
port
atio
n du
ring
peri
ods
of r
unof
f.
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It is evident that pesticide concentrations are generally higher in the
sediment than in the runoff water (24, 30, 72, 196). This relative distri-
bution between the two phases expressed as ratios of pesticide concentrations
in runoff water to that adsorbed to the suspended sediment ranged from 1:2
to 1:1000 for most organochlorine insecticides (30, 72, 150, 168) and 1:10
to 1:20 for triazines (7%, 196). Although concentrations were higher in the
sediment, greater total losses were associated with the runoff water due
to its greater volume. This emphasizes the importance of reducing erosion by
sound soil management and conservation practices to minimize the pesticidal
load of the runoff.
The concentrations and losses reported relate to runoff as it immediately
leaves a specific watershed area. Under actual field conditions, agricul-
tural watersheds are seldom treated completely. Studies have shown that
losses of diuron, picloram, 2,4-D, and 2,u,S-T diminished as a function of
distance from the treated field (50, 117, 181). All herbicide concentrations
dropped below the limit of detection within a few hundred meters below the
sprayed area (50)° These data suggest that runoff originating from treated
areas is diluted by runoff arising from untreated areas. Furthermore,
uncontaminated suspended particles may adsorb the pesticide present in the
water and, together with the originally contaminated sediment, become
partially redeposited across the path of the runoff. The amount of a
pesticide entering tributaries and lakes depends upon the reactions it
undergoes during its travel over land.
Limited studies have beenconducted for monitoring pesticide movement
over large agricultural watersheds. In such investigations the drainage
streams and/or near-shores of the lakes were sampled usually to determine
pesticidal pollution from surrounding drainage areas. In Lubbock County,
Texas, 18 rural lakes draining extensively—farmed areas were sampled on
a routine basis following runoff-producing rainfall for a period of 18
months (195). No measurable concentrations of any of the herbicides or
insecticides used commonly in the area were detected in the water samples.
Dieldrin, aldrin, and DDT were the only insecticides found in the lake
sediments, with dieldrin being present in almost 80% of the samples. The
38
 sediment
samples
contained
no
detectable
herbicides.
Seasonal
variations
in residues
of organochlorine pesticides
in the
water
of the
Utah Lake
drainage
system were determined
in 1970-71
(25).
Definite
surges
of
pesticide
[l
ug/l
(1
ppb)
or
more}
enter
Utah
Lake
three times a year, i.e.7 early spring, late spring, and fall, generally
corresponding to the application times of pesticides by farmers in the
area.
The pesticides involved were mainly aldrin and BBC in early spring;
heptachlor including heptachlor epoxide and methoxychlor in the late
spring; and aldrin, heptachlor and methoxychlor in the late fall.
Runoff losses of DDT and dieldrin occurring in a 40,500 ha (100,000
acres) watershed draining the tobacco belt of southern Ontario to Lake
Erie were determined by Frank et al. (58). It was calculated that 10 kg
(22 lb) of DDT and 0.6 kg (1.3 lb) of dieldrin reached Lake Erie from the
watersheds in runoff water or on suspended material. This represented
0.003% of DDT and 0.004% of the dieldrin resident in the watershed soil
which were 325,000 kg (716,300 lb) and 14,500 kg (32,000 lb), respectively.
As water and sediment entered Long Point Bay and moved into Lake Erie,
insecticide residues became considerably diluted.
In October 1968, chlordane and dieldrin were applied on 1,710 ha
(4,225 acres) of land bordering Lake Michigan in southeastern Michigan
(Chikaming Township, Berrien County) to control Japanese beetle infestation.
The aerial application was made using 2,824 kg (6,225 lb) of technical
dieldrin and 5,043 kg (11,115 lb) of technical chlordane. The impact of
this application to Lake Michigan was monitored by residue measurements
in water, sediment, and mussel tissue before and after treatment at two
control and four test stream stations (204). Prior to treatment, mean
concentrations of chlordane were <0.2 ug/l (<0.2 ppb) in the water,
<50 ng/g (<50 ppb) in the sediment, and 34 ng/g (34 ppb) in mussel tissue.
The mean dieldrin concentrations before treatment were <0.02 ug/l (<0.02 ppb)
in water, <5 ng/g (<5 ppb) in sediment, and 7.83 ng/g (7.83 ppb) in mussel
tissue. Following treatment, the chlordane concentrations in water, sediment
and mussel tissue reached individual station highs of 3.4 ug/l (3.4 ppb),
22,000 ng/g (22 ppm), and 7,530 ng/g (7.53 ppm), respectively; and dieldrin
 
     
 
 
concentrations reached 2 ug/l (2 ppb), 2,000 ng/g (2 ppm) and 1,137 ng/g
(1.137 ppm), respectively.
Movement of pesticides from treated fields to stream waters occurred
in the first 3 months after application as shown for dieldrin (Fig. 3).
Based on the discharge flow to the streams an estimated 5.1 kg (11.3 lb)
of dieldrin was contributed to Lake Michigan by streamwater in the 21
months following treatment; this represented 0.18% of the total application
of 2,824 kg (6,225 lb) dieldrin.
Stream sediments continued to show low, but detectable concentrations
of chlordane 12 months after treatment. No further monitoring was done
after this period. Dieldrin was still present in the sediment 21 months
after application at concentrations of 60 to 250 ng/g (60 to 250 ppb).
Chlordane and dieldrin concentrations in the stream sediments were high
during periods of high flow. This is indicative of the strong affinity
of these pesticides to the eroded soil particles and/or to suspended
sediments in the streams. Probably bedload, allochthonous, and autoch-
thonous organic materials play significant roles in the transport and
accumulation of insecticides in the Great Lakes.
To determine whether North Shore streams in the Minnesota drainage
basin of Lake Superior are important contributors of pesticides, samples
of water and clams collected from 24 streams were analyzed for p,p’—DDT,
0,p’—DDT and DDE within an 8-month period starting in May, 1972 (127).
Under conditions of normal flow, very little insecticide contamination was
being contributed to Lake Superior by those streams. Highest values
[20 to 21.8 ug/l (20 to 21.8 ppb) p,p'—DDT] occurred in water samples
from Lester and Lower St. Louis Rivers following a heavy runoff in October.
Ordinarily, median levels in these rivers were 0.03 and 0.02 ug/l (0.03
and 0.02 ppb), respectively. The median value for all other streams was
0.01 ug/l (0.01 ppb). Native clams from the St. Louis River had accumu—
lated appreciable amounts of p,p'—DDT ranging from 93 to 1,630 ug/l (93 to
1,630 ppb) indicating that this river carries an appreciable load of DDT
on either an intermittent high level during heavy rains or a constant low
level basis. Although this study did not isolate the sources of contami-
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nants from the drainage basin, it suggests variations in pesticide usage
in the different drainage areas of Lake Superior.
Organochlorine insecticide residues in streams draining agricultural,
urban-agricultural,
and resort areas of Ontario,
Canada,
were
Compared
by analysis of water, sediment and fish (125). The greatest transport
of total DDT (includes p,p'-DDT, 0,p'-DDT, p,p'-TDE, 0,p'-TDE, p,p'-DDE)
occurred from the resort area with a peak of 5.u kg (11.8 lb) total DDT
per week and an average of 0.86 kg (1.9 lb) total DDT per week. Corre—
sponding figures from the urban-agricultural area were peak 1.1 kg (2.5 lb)
and average 0.18 kg (o.u0 lb) total DDT per week, and from the agricultural
area peak 0.23 kg (0.50 lb) and average 0.09 kg (0.20 lb) per week. Dif-
ferences can be explained partly bydifferences in techniques of applica-
tion. In the agricultural area, DDT was incorporated into the soil, while
in the resort area it was applied by ground or air application. Further-
more, the resort area is practically devoid of true soil and the pesticide
accumulated mostly on surface detritusand moved easily with surface runoff.
Pesticide residues reaching aquatic environments in an adsorbed state
can remain adsorbed with eroded soil particles and become part of the
sediment. Residues in solution can be adsorbed by particulate matter
including microbial flocs in the water. Thus, the sediment and particulate
matter in water is a predominant feature controlling the accumulation and
fate of pesticides in waterbodies (36). Microbial flocs are known to con-
centrate pesticides from water (106). Factors affecting sediment-pesticide—
water interactions and pesticide persistence in aquatic systems were
reviewed recently by Pionke and Chesters (luu). Although adsorption
enhances decontamination of the overlying water, it simultaneously in-
creases the build—up of pesticides in the bottom sediment.
3.6 Natural Renovation Mechanisms Available to Remove Pesticide Residues
in Soils and Aquatic Environments
Pesticides remaining in soils and those present in waterbodies are
subjected continually to dissipation processes acting either singly or
42
 interactively.
The
mechanisms
of
dissipation
include
adsorption,
degrada—
tion
(photo,
chemical
and
microbial),
plant
uptake,
volatilization,
leaching,
and
surface
runoff.
The
last
three
are
means
by
which
pesticides
move
from
one
segment
(i.e.,
agricultural
watersheds)
of
the
ecosystem
to
another
(atmOSpheric
and
aquatic
systems),
and
these
are
discussed
in
Section
3.5.
Dissipation
processes
except
leaching
and
runoff
are
similar
for
both
soil
and
aquatic
environments.
HOWever,
rates
of
pesticide
dissipation
may
vary
because
of
the
differences
in
environmental
conditions
in
the
two
systems.
While
pesticides
have
inherent
but
varying
degrees
of
persistency
because
of
their
chemical
nature,
their
longevity
in
these
environments
is
modified
by
edaphic,
climatic,
and
limnological
factors
(144).
In
this
section,
pesti-
cide
losses
resulting
from
adsorption,
degradation,
and
plant
uptake
are
presented,
followed
by
a
summary
of
their
persistence
in
soil
and
aquatic
systems.
 
l
'
3.6.1
Adsorption
The effect of adsorption on pesticide movement is discussed at length
in Sections 3.5.1,
3.5.2 and 3.5.3.
Adsorption is an indirect mechanism
of dissipation from the environment because it affects degradation rates
and reduces pesticide bioactivity and volatility.
Degradation rates of
pesticides may be decreased or increased by adsorption depending upon the
mechanism by which the compound is degraded.
Adsorption by soil or sediment
can stabilize pesticides against biodegradation while, in some cases, chem—
ical degradation is accelerated. Furthermore, the availability of adsorbed
pesticides
to
plants
may
be
reduced
markedly.
3.6.2 Photodecomposition
Photochemically—induced degradation occurs at surfaces, and pesticides
residing at the soil surface are more subject to photodegradation than those
incorporated into the soil. Additionally, photodecomposition has been
observed in aqueous environments. Reviews on pesticide photodecomposition are
available (40, 41, 42, 145). The practical significance of photodegradation
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as a means of pesticide removal in soil and aquatic systems has not been
dete
rmin
ed q
uant
itat
ivel
y be
caus
e of
the
diff
icul
ty o
f in
terp
olat
ing
data
gathered in the laboratory to field conditions. In natural systems,
phot
oche
mica
l re
acti
ons
occu
r si
mult
aneo
usly
with
adso
rpti
on a
nd m
icro
bial
deco
mpos
itio
n, b
ut i
n mo
st c
ases
the
phot
odeg
rada
tion
reac
tion
s ar
e co
m—
para
tive
ly s
low.
Howe
ver,
the
poss
ibil
ity
exis
ts t
hat
phot
odec
ompo
siti
on
contributes to the airborne dissipation of some pesticides.
Pho
toc
hem
ica
l d
egr
ada
tio
n h
as
bee
n d
emo
nst
rat
ed
for
man
y p
est
ici
des
incl
udin
g a
numb
er o
f or
gano
chlo
rine
inse
ctic
ides
.
DDT
was
foun
d to
degr
ade
slowly in sunlight to BBB, TDE (DDD) and other products (146). Aldrin
and
diel
drin
, up
on e
xpos
ure
to s
unli
ght,
were
conv
erte
d to
phot
oald
rin
and
phot
odie
ldri
n, r
espe
ctiv
ely
(153
).
Phot
oald
rin
was
appr
oxim
atel
y tw
ice
as
toxic as the parent compound to insects and mice. Other related insecti-
cide
s ph
otol
yzed
by s
unli
ght
incl
ude
chlo
rdan
e, e
ndri
n, h
epta
chlo
r, i
sodr
in
and methoxychlor.
3.6.3 Plant Uptake
The
use
of t
rap
plan
ts t
o re
move
pest
icid
es f
rom
soil
and
wate
r sy
stem
s
has been suggested (55). This potential environmental cleanup method was
based on the fact that many terrestrial and aquatic plants are capable of
absorbing and translocating pesticides (45, 96), followed by possible
detoxification of the compound to less active components.
Several terrestrial crops were found to absorb chlorinated insecti-
cides (17, 110, 113, 132, 135), and evidence of metabolic breakdown was
indicated for DDT, heptachlor, endrin, y-BHC and aldrin. Corn, which is
resistant to the s-triazine herbicides—-atrazine and simazine--absorbed
these herbicides from soils and metabolized them to nonphytotoxic compounds
(129
).
Diss
ipat
ion
of a
traz
ine
from
soil
s th
roug
h up
take
by c
orn,
sorg
hum
and johnsongrass has also been studied (169).
Many species of algae and aquatic plants were able to remove low
concentrations of herbicides, namely, 2,4-D, amitrole, atrazine, dicamba,
dichlobenil and diphenamid, from water (21). Once absorbed, most of the
44
  
pesticides
were
metabolized
by
various
aquatic
plants
and
algae.
Metabo-
lism
was
rapid,
particularly
with
the
algae.
In
some
instances,
portions
of
the
metabolites
and
undegraded
herbicides
were
released
back
to
the
water.
In
another
investigation
it
was
shown
that
algae
were
able
to
concentrate
pesticides
by
a
factor
of
severalfold
and
were
generally
more
resistant
to
pesticide
toxicity
than
higher
members
of
the
food
chain.
This
suggests
that
phytoplankton
and
aquatic
weeds
can
remove
effectively
the
low—level
concentrations
of
pesticides
normally
encountered
in
aquatic
systems
and
metabolize
them
to
less
active
compounds.
Sorption
of
herbicides
by
weeds
results
frequently
in
the
death
of
the
plant.
If
degradation
of
the
herbicide
is
slow,
the
sorbed
herbicide
may
be
returned
to
the
soil
or
lake
sediment
where
the
dead
weeds
undergo
decomposition.
Fer
example,
in
an
aquatic
weed
control
program,
using
paraquat
and
diquat,
the herbicides were not
detected
in the
sediment until
the dead weeds had settled to the bottom sediment and had been subjected to
decomposition processes (57).
Upon decay of the dead weeds the herbicides
were either released and adsorbed by the sediment or remained bound with
the
settled organic material.
In addition,
certain
pesticides may be
absorbed and translocated without degrading as shown in the case of dieldrin
uptake by corn (19), or simply may be converted to another active compound
as was found for enzymatic conversion of aldrin to dieldrin in peas (110).
Plant-absorbed pesticides which are resistant to metabolic breakdown
within the plant either become part of the food chain or are returned to
the soil or sediment.
Probably the extent of pesticide detoxification by plants is small,
as uptake is limited by spatial availability of the pesticides and by the
sorption capacity of the plant. However, a great need exists to better
understand the mechanism of pesticide dissipation through plant uptake.
Included in these investigations must be a search for terrestrial and
aquatic plants that are efficient in detoxifying a wide spectrum ofpesti-
cides absorbed by them.
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3.6.u Chemical Degradation
No
nb
io
lo
gi
ca
l
pr
oc
es
se
s
of
pe
st
ic
id
e
br
ea
kd
ow
n
in
so
il
s
an
d
se
di
me
nt
s
ha
ve
lo
ng
be
en
re
co
gn
iz
ed
.
Ch
em
ic
al
re
ac
ti
on
s
of
pe
st
ic
id
es
ma
y
oc
cu
r
in
de
pe
nd
en
tl
y
of
so
il
or
th
ey
ma
y
be
so
il
—c
at
al
yz
ed
.
Ex
te
ns
iv
e
co
ve
ra
ge
of
th
is
to
pi
c
is
pr
ov
id
ed
in
th
e
co
mp
re
he
ns
iv
e
re
vi
ew
by
He
ll
in
g
et
a1.
(82).
Th
e
ch
em
ic
al
hy
dr
ol
ys
is
of
or
ga
no
ch
lo
ri
ne
in
se
ct
ic
id
es
ha
s
no
t
re
ce
iv
ed
as
muc
h
att
ent
ion
as
tha
t o
f t
he
org
ano
pho
sph
oro
us
ins
ect
ici
des
and
her
bi-
cid
es.
Evi
den
ce
for
the
che
mic
al
dec
omp
osi
tio
ns
of
chl
ord
ane
,
tox
aph
ene
,
hep
tac
hlo
r,
DDT
,
die
ldr
in
and
end
rin
hav
e
bee
n r
epo
rte
d
in
dry
,
aci
dic
cla
y d
ilu
ent
s u
sed
in
ins
ect
ici
dal
for
mul
ati
ons
(53
).
Che
mic
al
con
ver
-
sio
n o
f e
ndr
in
to
two
iso
mer
s——
ket
one
and
ald
ehy
de-
—wa
s o
bse
rve
d i
n d
ry,
aci
dic
soi
ls
but
noc
onv
ers
ion
occ
urr
ed
in
the
pre
sen
ce
of
moi
stu
re
(53
,
134
).
DDT
con
ver
sio
n t
o B
BB
has
bee
n s
how
n t
o o
ccu
r i
n m
ois
t a
nd
dry
soi
ls
ran
gin
g i
n t
ext
ure
fro
m s
and
y l
oam
to
cla
y u
nde
r a
wid
e r
ang
e o
f
pH
val
ues
(136
).
Inc
rea
sin
g t
he
soi
l p
H b
y l
imi
ng
and
add
iti
ons
of
Feg
oa
and
A12
03
to
the
soi
l f
ail
ed
to
enh
anc
e c
onv
ers
ion
of
DDT
to
BBB
.
Dat
a i
ndi
cat
e t
hat
the
pre
dom
ina
nt
mec
han
ism
of
con
ver
sio
n o
f D
DT
in
moi
st
soi
l i
s b
y a
mic
rob
ial
pat
hwa
y,
whi
le
che
mic
al
deg
rad
ati
on
is
pre
dom
ina
nt
in
dry
soil
.
Sim
ila
r f
ind
ing
s h
ave
bee
n r
epo
rte
d f
or
hep
tac
hlo
r (
23).
Con
ver
sio
n o
f h
ept
ach
lor
to
l—h
ydr
oxy
chl
ord
ene
was
rap
id
in
a s
eri
es
of
dry
soi
ls
of
low
org
ani
c m
att
er
con
ten
t.
The
rea
cti
on
did
not
pro
cee
d
in soils of high organic matter content.
Res
ult
s o
f t
hes
e i
nve
sti
gat
ion
s i
ndi
cat
e t
hat
che
mic
al
bre
akd
own
may
pla
y a
sig
nif
ica
nt
rol
e i
n t
he
dis
sip
ati
on
of
soi
l-a
dso
rbe
d o
rga
noc
hlo
rin
e
ins
ect
ici
des
dur
ing
dry
per
iod
s.
How
eve
r,
muc
h m
ore
inf
orm
ati
on
is
req
uir
ed
on
the
rat
es
of
the
se
con
ver
sio
ns
and
on
the
env
iro
nme
nta
l c
ond
i-
tio
ns
whi
ch
pro
mot
e t
his
typ
e
ofo
rga
noc
hlo
rin
e i
nse
cti
cid
e d
iss
ipa
tio
n
from the environment.
Sev
era
l o
rga
nop
hos
pho
ron
s i
nse
cti
cid
es
and
her
bic
ide
s h
ave
bee
n s
how
n
to
deg
rad
e r
api
dly
by
che
mic
al
hyd
rol
ysi
s.
The
pro
ces
s i
s c
ata
lyz
ed
by
ads
orp
tio
n a
t s
oil
col
loi
d s
urf
ace
s a
nd
fol
low
s f
irs
t-o
rde
r k
ine
tic
s
(7,
8,
98,
99,
100
).
In
so
il
sy
st
em
s,
ch
em
ic
al
hy
dr
ol
ys
is
of
ma
la
th
io
n
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was
rapid
and
was
almost
completed
before
the
termination
of
the
lag
phase
necessary
for
promotion
of
the
biological
degradation
mechanism
for
malathion
(100).
Alkaline
conditions
in
the
soil
enhanced
degradation
of
malathion
by
chemical
hydrolysis
(186).
Other
organophosphorous
pesticides
found
to
degrade
chemically
are
diazinon
(99,
16“),
phorate
(61),
dichlorvos
(52):
CiOdPin
(98),
and
imidan
(122).
The
longer—lived
organophosphorous
pesticides,
including
methyl
parathion,
parathion
(62,
63,
165),
dimethoate,
zinophos,
and
dursban
(62)
are
degraded
primarily
by
microbial
mechanisms.
Chemical
hydrolysis
of
the
2—chloro—s-triazine
herbicides
in
soils
and
sediments
has
been
reported
(7,
8,
77,
171).
The
hydrolysis
of
atrazine
to
nonphytotoxic
hydroxyatrazine
is
enhanced
by
atrazine
adsorption
possibly
to
carboxyl
groups
present
on
the
organic
components
of
soils
and
sedi—
ments (7).
Although
certain
pesticides
are
able
to
undergo
rapid
chemical
degrada—
tion,
formation
of
degradation
products
as
persistent,
or
more
so,
as
the
parent
compound
may
occur.
For
instance,
among
the
degradation
products
of
diazinon
is
diethyl
thiophosphoric
acid
which
is
more
stable
in
soils
than
the
parent
compound
(100).
A
gap
still
exists
in
the
understanding
of
the
chemical
mechanisms
of
degradation
of
the
more
persistent
pesticides,
particularly
the
organochlorine
insecticides,
as
well
as
the
fate
and
toxicity
ofthe
resulting
degradation
products.
3.6.5
Microbial
Degradation
Microbial
metabolism
is
considered
to
be
the
major
pathway
of
degrada-
tion
for
many
pesticides
in
soils
and
sediments.
The
efficiency
of
this
pathway
depends
upon
such
environmental
factors
as
temperature,
moisture
content,
organic
matter
content,
aeration,
pH,
and
pesticide
concentration.
Although
intensive
studies
have
been
made
on
the
mechanisms
by
which
microorganisms
degrade
pesticides,
the
processes
are
not
understood
clearly.
In
general,
the
organochlorine
insecticides
are
the
most
resistant
pesticides
to
microbial
attack.
Degradation
products
encountered
frequently
47
 
   
are compounds which retain insecticidal properties. For example, partial
degradation of DDT results in the formation of TDE (DDD) and DDE. TDE (DDD)
and DDE are stable in soil and aquatic systems, and their metabolic fate
in these environments remains relatively unknown. Several organochlorine
insecticides although relatively persistent may degrade at a potentially
sign
ific
ant
rate
in s
oils
. H
epta
chlo
r (1
28),
lind
ane
(209
), a
nd e
ndri
n (2
3)
have been shown to degrade in soils to compounds of reduced insecticidal
activity. Conversion of heptachlor to the less toxic metabolite l—hydroxy-
chlordene also has been reported (126). The oxygen status of soils and
aquatic systems has pronounced effects on the microbial breakdown of many
orga
noch
lori
ne i
nsec
tici
des.
In s
oils
, DD
T is
rapi
dly
conv
erte
d to
TDE
(DDD
)
unde
r an
aero
bic
cond
itio
ns a
nd v
ery
slow
ly t
o DD
E un
der
aero
bic
cond
itio
ns
(68,
69,
95).
The
add
iti
on
of
suc
h r
ead
ily
ava
ila
ble
ene
rgy
sou
rce
s a
s
alfalfa meal or sucrose promoted the anaerobic disappearance of DDT from
soil
s (2
6, 6
9).
Howe
ver,
in a
erob
ic s
oils
DDT
rema
ined
stab
le d
espi
te t
he
addition of alfalfa meal. These observations suggest that flooding DDT-
contaminated soils may accelerate decontamination. Conditions conducive
to anaerobiosis, like thermal stratification of lakes, may also play an
impo
rtan
t ro
le i
n th
e di
sapp
eara
nce
of D
DT a
ccum
ulat
ed i
n bo
ttom
sedi
ment
s.
In r
aw w
ater
cont
aini
ng s
ome
coll
oida
l ma
teri
al a
nd m
aint
aine
d un
der
aero
bic
conditions, heptachlor and endosulfan were degraded rapidly while lindane,
heptachlor epoxide, dieldrin, DDT, TDE (DDD), BBB and endrin were not
degraded (H7). Endrin, p,p’-DDT, lindane, aldrin, and heptachlor were
degraded in anaerobic digested wastewater sludge to various derivatives
(83)
.
Alt
hou
gh
con
dit
ion
s i
n t
he
slu
dge
are
not
cha
rac
ter
ist
ic
of
mos
t
lakes, the data emphasize the role of oxygen deficiency in the metabolic
fate of many persistent pesticides.
The
conv
ersi
on o
f p,
p'—D
DT t
o p,
p’-D
DD h
as b
een
obse
rved
in f
lood
ed
anaerobic soils (34, 69) and in oxygen-deficient lake water (128). The
time required to convert 50% of the applied DDT to TDE (DDD) was 2n hr
in the lake water and 8 weeks in the flooded soils. However, TDE (DDD)
formed in flooded soils seemed to resist further degradation (3%, 71).
Anaerobic decomposition of DDT to TDE (DDD) has been observed in lake
1+8
 s
e
d
i
m
e
n
t
s
,
b
u
t
t
h
e
d
e
g
r
a
d
a
t
i
o
n
p
r
o
d
u
c
t
T
D
E
(
D
D
D
)
a
p
p
e
a
r
s
t
o
b
e
r
e
l
a
t
i
v
e
l
y
s
t
a
b
l
e
i
n
l
a
k
e
s
e
d
i
m
e
n
t
s
(
1
2
0
,
1
4
0
)
.
T
h
e
r
a
p
i
d
d
e
g
r
a
d
a
t
i
o
n
o
f
l
i
n
d
a
n
e
h
a
s
b
e
e
n
r
e
p
o
r
t
e
d
i
n
f
l
o
o
d
e
d
r
i
c
e
s
o
i
l
s
(
2
0
8
)
,
l
a
k
e
m
u
d
s
(
1
4
%
)
,
a
n
d
i
n
s
i
m
u
l
a
t
e
d
l
a
k
e
i
m
p
o
u
n
d
m
e
n
t
s
(
1
3
7
)
.
I
t
w
a
s
e
s
t
i
m
a
t
e
d
i
n
t
h
e
s
i
m
u
l
a
t
e
d
l
a
k
e
i
m
p
o
u
n
d
m
e
n
t
t
h
a
t
o
n
l
y
1
5
%
o
f
t
h
e
l
i
n
d
a
n
e
w
a
s
d
e
g
r
a
d
e
d
i
n
t
h
e
a
e
r
o
b
i
c
s
y
s
t
e
m
i
n
9
0
d
a
y
s
w
h
i
l
e
d
e
g
r
a
d
a
t
i
o
n
w
a
s
a
l
m
o
s
t
c
o
m
p
l
e
t
e
i
n
t
h
e
a
n
a
e
r
o
b
i
c
s
y
s
t
e
m
i
n
t
h
e
s
a
m
e
t
i
m
e
p
e
r
i
o
d
(
1
3
7
)
.
T
h
e
m
a
j
o
r
i
n
t
e
r
m
e
d
i
a
t
e
p
r
o
d
u
c
t
v
o
l
a
t
i
l
i
z
e
d
r
a
p
i
d
l
y
.
I
n
a
d
d
i
t
i
o
n
,
m
e
t
h
o
x
y
c
h
l
o
r
a
n
d
h
e
p
t
a
c
h
l
o
r
w
e
r
e
a
l
s
o
f
o
u
n
d
t
o
d
e
g
r
a
d
e
i
n
s
u
b
m
e
r
g
e
d
s
o
i
l
s
,
a
n
d
t
h
e
r
a
t
e
o
f
l
o
s
s
w
a
s
a
c
c
e
l
e
r
a
t
e
d
i
n
t
h
e
p
r
e
s
e
n
c
e
o
f
h
i
g
h
o
r
g
a
n
i
c
m
a
t
t
e
r
c
o
n
t
e
n
t
(
3
%
)
.
A
s
s
t
a
t
e
d
e
a
r
l
i
e
r
,
m
a
n
y
o
r
g
a
n
o
p
h
o
s
p
h
o
r
o
u
s
i
n
s
e
c
t
i
c
i
d
e
s
a
r
e
h
y
d
r
o
l
y
z
e
d
r
a
p
i
d
l
y
b
y
n
o
n
m
i
c
r
o
b
i
a
l
m
e
a
n
s
.
H
o
w
e
v
e
r
,
f
o
r
t
h
e
m
o
r
e
p
e
r
s
i
s
t
e
n
t
t
y
p
e
s
,
m
i
c
r
o
b
i
a
l
b
r
e
a
k
d
o
w
n
m
a
y
p
r
e
d
o
m
i
n
a
t
e
.
T
h
u
s
,
c
o
n
d
i
t
i
o
n
s
r
e
t
a
r
d
i
n
g
m
i
c
r
o
b
i
a
l
a
c
t
i
v
i
t
y
m
a
y
r
e
s
u
l
t
i
n
e
n
h
a
n
c
e
d
p
e
r
s
i
s
t
e
n
c
e
o
f
t
h
e
o
r
g
a
n
o
p
h
o
s
p
h
o
r
o
u
s
insecticides.
S
o
i
l
a
n
d
l
a
k
e
s
e
d
i
m
e
n
t
m
i
c
r
o
o
r
g
a
n
i
s
m
s
h
a
v
e
b
e
e
n
i
m
p
l
i
c
a
t
e
d
i
n
t
h
e
d
e
g
r
a
d
a
t
i
o
n
o
f
s
e
v
e
r
a
l
o
r
g
a
n
o
p
h
o
s
p
h
o
r
o
u
s
i
n
s
e
c
t
i
c
i
d
e
s
i
n
c
l
u
d
i
n
g
d
i
a
z
i
n
o
n
(
1
6
2
)
,
p
h
o
r
a
t
e
(
1
1
H
)
,
m
a
l
a
t
h
i
o
n
(
1
1
9
,
1
8
6
)
,
a
n
d
p
a
r
a
t
h
i
o
n
(63,
1
1
1
,
1
6
5
)
.
T
h
e
d
e
g
r
a
d
a
t
i
o
n
o
f
d
i
a
z
i
n
o
n
(
1
6
4
)
a
n
d
p
a
r
a
t
h
i
o
n
(
1
6
5
)
w
a
s
c
o
n
s
i
d
e
r
a
b
l
y
i
n
c
r
e
a
S
e
d
in
f
l
o
o
d
e
d
s
o
i
l
s
.
A
p
p
a
r
e
n
t
l
y
,
t
h
e
p
r
e
s
e
n
c
e
o
f
m
o
l
e
c
u
l
a
r
o
x
y
g
e
n
r
e
t
a
r
d
e
d
m
i
c
r
o
b
i
a
l
d
e
g
r
a
d
a
t
i
o
n
a
l
t
h
o
u
g
h
t
h
i
s
wa
s
n
o
t
o
b
s
e
r
v
e
d
f
o
r
p
a
r
a
t
h
i
o
n
in
lake
sediments
(63).
The
degradation
of
parathion
to
aminoparathion
was
f
o
u
n
d
t
o
b
e
g
r
e
a
t
l
y
a
c
c
e
l
e
r
a
t
e
d
b
y
m
i
c
r
o
b
i
a
l
a
c
t
i
v
i
t
y
,
a
n
d
t
h
e
r
a
t
e
wa
s
similar
under
aerobic
and
anaerobic
conditions.
These
results
imply
that
in
sediments
aerobic
and
anaerobic
organisms
are
able
to
degrade
parathion.
A
d
s
o
r
p
t
i
o
n
o
f
some
organophosphorous
insecticides
may
increase
their
per—
sistence
in
aquatic
systems.
For
example,
dursban
was
shown
to
persist
for
much
longer
periods
of
time
in
aquatic
systems
of
high
colloidal
organic
m
a
t
t
e
r
c
o
n
t
e
n
t
d
ue
t
o
p
e
s
t
i
c
i
d
e
a
d
s
o
r
p
t
i
o
n
(156).
Microbial
degradation
of
organochlorine
and
organophosphorous
insec—
ticides
in
aquatic
environments
was
reviewed
recently
(1u1,
163).
In
a
review
of
the
degradation
of
the
newer
vinyl
phosphate
insecticides,
such
as
phosphamidon,
chlorfenvinphos,
and
mevinphos,
it
has
been
shown
that
#9
%
  
  
t
h
e
h
a
l
f
—
l
i
f
e
o
f
t
h
e
s
e
p
e
s
t
i
c
i
d
e
s
in
s
o
i
l
s
r
a
n
g
e
s
f
r
o
m
1
w
e
e
k
to
7
m
o
n
t
h
s
(
2
0
)
.
C
h
l
o
r
f
e
n
v
i
n
p
h
o
s
a
p
p
e
a
r
e
d
t
o
b
e
t
h
e
m
o
s
t
r
e
s
i
s
t
a
n
t
t
o
b
i
o
l
o
g
i
c
a
l
decomposition.
D
e
s
p
i
t
e
t
h
e
i
n
c
r
e
a
s
i
n
g
u
s
e
o
f
t
h
e
c
a
r
b
a
m
a
t
e
i
n
s
e
c
t
i
c
i
d
e
s
,
i
n
v
e
s
t
i
g
a
—
t
i
o
n
o
f
t
h
e
i
r
d
e
g
r
a
d
a
t
i
o
n
h
a
s
n
o
t
b
e
e
n
as
e
x
t
e
n
s
i
v
e
as
f
o
r
o
t
h
e
r
i
n
s
e
c
t
i
—
c
i
d
a
l
g
r
o
u
p
s
(1
58
).
C
a
r
b
a
r
y
l
,
t
h
e
m
o
s
t
w
i
d
e
l
y
u
S
e
d
c
a
r
b
a
m
a
t
e
,
w
a
s
f
o
u
n
d
t
o
b
e
r
e
a
d
i
l
y
d
e
g
r
a
d
e
d
b
y
m
i
c
r
o
o
r
g
a
n
i
s
m
s
in
s
o
i
l
s
(1
16
)
a
n
d
n
a
t
u
r
a
l
wa
te
rs
(6
).
So
me
me
mb
er
s
of
th
e
gr
ou
p,
su
ch
as
di
me
ti
la
n
an
d
py
ro
la
n,
t
e
n
d
e
d
t
o
be
m
o
r
e
b
i
o
l
o
g
i
c
a
l
l
y
s
t
a
b
l
e
in
n
a
t
u
r
a
l
w
a
t
e
r
s
p
o
s
s
i
b
l
y
d
ue
to
th
ei
r
st
ro
ng
ad
so
rp
ti
on
on
su
sp
en
de
d
cl
ay
mi
ne
ra
ls
(6
).
M
o
s
t
o
f
t
h
e
a
g
r
i
c
u
l
t
u
r
a
l
l
y
-
u
s
e
d
h
e
r
b
i
d
i
d
e
s
a
r
e
d
e
g
r
a
d
e
d
p
r
i
m
a
r
i
l
y
b
y
m
i
c
r
o
o
r
g
a
n
i
s
m
s
.
A
g
r
e
a
t
d
e
a
l
o
f
s
t
u
d
y
h
a
s
b
e
e
n
d
e
v
o
t
e
d
t
o
t
h
e
i
r
d
e
g
r
a
d
a
—
t
i
o
n
a
n
d
e
x
h
a
u
s
t
i
v
e
r
e
v
i
e
w
s
h
a
v
e
b
e
e
n
c
o
m
p
i
l
e
d
(9
2)
.
M
a
n
y
o
f
t
h
e
h
e
r
b
i
c
i
d
e
gr
ou
ps
,
in
cl
ud
in
g
th
e
th
io
ca
rb
am
at
e
(9
3,
17
2)
,
p
h
e
n
yl
c
a
r
b
a
m
a
t
e
(9
1)
,
s
ub
s
t
i
t
ut
e
d
ur
ea
(9
1,
94
),
an
d
th
e
co
mm
on
ly
us
ed
c
h
l
o
r
i
n
a
t
e
d
al
ip
ha
ti
c
a
c
i
d
s
(5
“)
a
n
d
p
h
e
n
o
x
y
a
l
k
a
n
o
i
c
a
c
i
d
s
(1
15
),
a
r
e
m
i
c
r
o
b
i
o
l
o
g
i
c
a
l
l
y
d
e
g
r
a
d
e
d
in
s
o
i
l
s
in
r
e
l
a
t
i
v
e
l
y
s
h
o
r
t
p
e
r
i
o
d
s
.
C
o
m
p
a
r
e
d
to
o
r
g
a
n
o
c
h
l
o
r
i
n
e
i
n
s
e
c
t
i
-
ci
de
s,
p
h
e
n
o
xy
a
l
k
a
n
o
i
c
ac
id
s,
su
ch
as
2,
9,
5-
T
an
d
p
a
r
t
i
c
ul
a
r
l
y
2,
9—
D,
d
e
g
r
a
d
e
r
a
p
i
d
l
y
in
s
o
i
l
s
a
n
d
s
e
d
i
m
e
n
t
-
w
a
t
e
r
s
y
s
t
e
m
s
(5
5,
16
0)
.
A
n
a
e
r
o
b
i
c
co
nd
it
io
ns
t
e
n
d
to
r
e
t
a
r
d
2,
4-
D
me
ta
bo
li
sm
,
in
di
ca
ti
ng
th
e
im
po
rt
an
ce
of
o
x
y
g
e
n
in
t
h
e
m
e
t
a
b
o
l
i
s
m
o
f
t
h
i
s
c
o
m
p
o
u
n
d
in
t
h
e
e
n
v
i
r
o
n
m
e
n
t
(1
04
).
S
e
v
e
r
a
l
o
f
t
h
e
b
e
n
z
o
i
c
a
n
d
p
h
e
n
y
l
a
c
e
t
i
c
a
c
i
d
h
e
r
b
i
c
i
d
e
s
a
r
e
m
o
r
e
p
e
r
s
i
s
t
e
n
t
.
F
o
r
in
st
an
ce
,
di
ca
mb
a,
2,
3,
6-
TB
A,
fe
na
c
an
d
m
e
t
h
o
xy
f
e
n
a
c
ar
e
co
mp
ar
at
iv
el
y
m
o
r
e
r
e
s
i
s
t
a
n
t
t
o
m
i
c
r
o
b
i
a
l
a
t
t
a
c
k
t
h
a
n
c
h
l
o
r
a
m
b
e
n
(1
66
)
w
h
i
c
h
is
d
e
g
r
a
d
a
b
l
e
r
e
a
d
i
l
y
b
y
m
i
c
r
o
b
i
a
l
pr
oc
es
se
s
(1
98
).
P
i
c
l
o
r
a
m
an
d
t
r
i
f
l
ur
a
l
i
n
ar
e
co
n—
si
de
re
d
to
be
pe
rs
is
te
nt
he
rb
ic
id
es
(3
9)
.
In
a
lo
ng
—t
er
m
fi
el
d
ex
pe
ri
me
nt
p
i
c
l
o
r
a
m
re
si
du
es
we
re
de
te
ct
ab
le
9
to
15
mo
nt
hs
af
te
r
a
p
p
l
i
c
a
t
i
o
n
(1
23
).
Pr
op
an
il
,
an
an
il
id
e
he
rb
ic
id
e,
wa
s
fo
un
d
to
be
mi
cr
ob
ia
ll
y-
de
gr
ad
ed
p
r
i
m
a
r
i
l
y
to
ch
lo
ra
ni
li
ne
s
(1
3)
.
Ho
we
ve
r,
th
e
m
e
t
a
b
o
l
i
t
e
s
ar
e
a
d
s
o
r
b
e
d
st
ro
ng
ly
by
so
il
or
ga
ni
c
ma
tt
er
an
d
ma
y
ex
is
t
in
th
e
so
il
fo
r
se
ve
ra
l
ye
ar
s.
So
me
of
th
e
ea
si
ly
de
gr
ad
ab
le
he
rb
ic
id
es
ma
y
pe
rs
is
t
lo
ng
er
in
aq
ua
ti
c
th
an
in
t
e
r
r
e
s
t
r
i
a
l
sy
st
em
s.
Th
e
s
ub
s
t
i
t
ut
e
d
ur
ea
he
rb
ic
id
es
,
mo
nu
ro
n
an
d
ne
bu
ro
n,
pe
rs
is
te
d
in
ex
ce
ss
of
2
ye
ar
s
in
si
mu
la
te
d
po
nd
s
SO
 c
o
n
t
a
i
n
i
n
g
a
m
o
r
p
h
o
u
s
m
a
t
e
r
i
a
l
s
(
5
6
)
w
h
i
l
e
C
I
P
C
-
—
a
c
a
r
b
a
m
a
t
e
h
e
r
b
i
c
i
d
e
—
-
p
e
r
s
i
s
t
e
d
u
n
d
e
r
a
n
a
e
r
o
b
i
c
c
o
n
d
i
t
i
o
n
s
i
n
d
u
c
e
d
i
n
a
n
a
r
t
i
f
i
c
i
a
l
i
m
p
o
u
n
d
m
e
n
t
(161).
T
h
e
s
—
t
r
i
a
z
i
n
e
h
e
r
b
i
c
i
d
e
s
,
a
s
i
n
d
i
c
a
t
e
d
e
a
r
l
i
e
r
,
c
a
n
b
e
e
x
t
e
n
s
i
v
e
l
y
d
e
g
r
a
d
e
d
c
h
e
m
i
c
a
l
l
y
i
n
s
o
i
l
s
o
r
s
e
d
i
m
e
n
t
s
,
b
u
t
t
h
e
y
a
r
e
a
l
s
o
s
u
b
j
e
c
t
t
o
m
i
c
r
o
b
i
o
l
o
g
i
c
a
l
m
e
t
a
b
o
l
i
s
m
(
9
1
)
.
A
t
r
a
z
i
n
e
,
t
h
e
m
o
s
t
w
i
d
e
l
y
u
s
e
d
s
—
t
r
i
a
z
i
n
e
,
i
s
q
u
i
t
e
s
t
a
b
l
e
c
o
m
p
a
r
e
d
w
i
t
h
m
o
s
t
o
f
t
h
e
h
e
r
b
i
c
i
d
e
s
a
n
d
c
a
n
p
e
r
s
i
s
t
i
n
s
o
i
l
f
o
r
m
o
r
e
t
h
a
n
o
n
e
g
r
o
w
i
n
g
s
e
a
s
o
n
(
2
7
,
1
0
4
)
.
R
a
t
e
s
o
f
a
t
r
a
z
i
n
e
d
e
g
r
a
d
a
t
i
o
n
a
r
e
i
n
f
l
u
e
n
c
e
d
g
r
e
a
t
l
y
b
y
t
h
e
s
p
a
t
i
a
l
l
o
c
a
t
i
o
n
o
f
t
h
e
h
e
r
b
i
c
i
d
e
i
n
t
h
e
s
o
i
l
p
r
o
f
i
l
e
.
A
t
r
a
z
i
n
e
p
r
e
s
e
n
t
i
n
t
h
e
p
l
o
w
l
a
y
e
r
p
e
r
s
i
s
t
e
d
f
o
r
5
m
o
n
t
h
s
w
h
i
l
e
a
t
r
a
z
i
n
e
a
t
4
0
-
a
n
d
9
0
-
c
m
(
1
5
.
7
~
a
n
d
3
5
.
n
-
i
n
)
d
e
p
t
h
s
p
e
r
s
i
s
t
e
d
f
o
r
1
7
m
o
n
t
h
s
a
n
d
4
1
m
o
n
t
h
s
,
r
e
s
p
e
c
t
i
v
e
l
y
(
1
0
a
)
,
w
h
i
c
h
s
u
g
g
e
s
t
s
t
h
e
i
m
p
o
r
t
a
n
c
e
o
f
m
a
n
a
g
e
-
m
e
n
t
t
e
c
h
n
i
q
u
e
s
i
n
m
i
n
i
m
i
z
i
n
g
a
t
r
a
z
i
n
e
l
e
a
c
h
i
n
g
.
A
d
s
o
r
p
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
s
b
y
c
l
a
y
m
i
n
e
r
a
l
s
m
a
y
p
r
o
t
e
c
t
t
h
e
m
f
r
o
m
m
i
c
r
o
b
i
a
l
a
t
t
a
c
k
.
T
h
e
d
i
p
y
r
i
d
y
l
h
e
r
b
i
c
i
d
e
s
—
-
p
a
r
a
q
u
a
t
a
n
d
d
i
q
u
a
t
—
—
a
r
e
s
h
o
w
n
t
o
b
e
m
e
t
a
b
o
l
i
z
e
d
b
y
s
o
i
l
m
i
c
r
o
o
r
g
a
n
i
s
m
s
(
5
9
)
,
b
u
t
o
n
c
e
a
d
s
o
r
b
e
d
b
y
c
l
a
y
m
i
n
e
r
a
l
s
t
h
e
y
b
e
c
o
m
e
e
x
t
r
e
m
e
l
y
r
e
s
i
s
t
a
n
t
to
m
i
c
r
o
b
i
a
l
d
e
c
o
m
p
o
s
i
t
i
o
n
(191).
In
aerobic
and
anaerobic
aquatic
systems,
diquat
was
not
degraded
within
6
m
o
n
t
h
s
(
1
7
0
)
.
Figure
u
summarizes
the
persistence
of
ll
major
pesticide
groups
(95).
T
h
e
p
e
r
s
i
s
t
e
n
c
e
v
a
l
u
e
s
r
e
p
r
e
s
e
n
t
a
75
to
1
0
0
%
loss
o
f
t
h
e
p
e
s
t
i
c
i
d
e
.
As
i
n
d
i
c
a
t
e
d
e
l
s
e
w
h
e
r
e
i
n
t
h
i
s
s
e
c
t
i
o
n
,
p
e
r
s
i
s
t
e
n
c
e
o
f
p
e
s
t
i
c
i
d
e
s
i
n
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
s
m
a
y
d
i
f
f
e
r
f
r
o
m
t
h
a
t
in
t
e
r
r
e
s
t
r
i
a
l
s
o
i
l
s
,
b
u
t
m
o
r
e
i
n
ve
s
t
i
—
gations
are
needed
to
make
generalizations.
Furthermore,
to
elucidate
the
m
e
t
a
b
o
l
i
c
p
r
o
d
u
c
t
s
,
s
u
s
t
a
i
n
e
d
a
n
d
c
o
n
t
i
n
u
i
n
g
r
e
s
e
a
r
c
h
is
n
e
e
d
e
d
in
o
r
d
e
r
t
o
b
e
t
t
e
r
u
n
d
e
r
s
t
a
n
d
t
h
e
e
n
v
i
r
o
n
m
e
n
t
a
l
i
m
p
l
i
c
a
t
i
o
n
s
o
f
p
e
s
t
i
c
i
d
e
s
,
p
a
r
-
t
i
c
u
l
a
r
l
y
i
n
t
h
e
a
q
u
a
t
i
c
s
e
g
m
e
n
t
o
f
t
h
e
e
c
o
s
y
s
t
e
m
.
3
.
7
P
r
o
b
a
b
l
e
C
h
a
n
g
e
s
i
n
L
a
n
d
U
s
e
A
c
t
i
v
i
t
i
e
s
w
i
t
h
T
i
m
e
Tables
1
and
2
show
that
a
general
decrease
in
agricultural
land
area
in
the
0.8.
portion
of
the
Great
Lakes
Basin
will
occur
for
the
next
50
years.
However,
the
decline
is
projected
to
be
slight,
at
approximately
5%
for
cultivated
cropland
and
8%
for
pasture
land.
If
predictions
by
crop
51
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ca
t
e
g
o
r
y
a
r
e
c
o
n
s
i
d
e
r
e
d
,
a
r
e
a
f
o
r
r
o
w
a
n
d
s
p
e
c
i
a
l
t
y
c
r
o
p
s
w
i
l
l
i
n
c
r
e
a
s
e
b
y
2
2
a
n
d
5
%
,
r
e
s
p
e
c
t
i
v
e
l
y
,
a
s
a
r
e
s
u
l
t
o
f
p
r
o
j
e
c
t
e
d
i
n
c
r
e
a
s
e
s
i
n
a
r
e
a
s
s
o
w
n
t
o
c
o
r
n
,
s
o
y
b
e
a
n
s
a
n
d
c
o
m
m
e
r
c
i
a
l
v
e
g
e
t
a
b
l
e
s
.
A
s
u
r
b
a
n
i
z
a
t
i
o
n
e
x
p
a
n
d
s
,
t
h
e
r
e
b
y
p
l
a
c
i
n
g
i
n
c
r
e
a
s
e
d
p
r
e
s
s
u
r
e
o
n
c
u
l
t
i
v
a
t
e
d
a
n
d
p
a
s
t
u
r
e
l
a
n
d
s
,
s
o
m
e
o
f
t
h
e
p
r
e
s
e
n
t
i
d
l
e
c
r
o
p
l
a
n
d
w
i
l
l
l
i
k
e
l
y
b
e
b
r
o
u
g
h
t
i
n
t
o
c
u
l
t
i
v
a
t
i
o
n
.
B
y
t
h
e
y
e
a
r
2
0
2
0
i
t
i
s
e
s
t
i
m
a
t
e
d
t
h
a
t
t
h
e
a
r
e
a
o
f
i
d
l
e
c
r
o
p
l
a
n
d
w
i
l
l
d
e
c
r
e
a
s
e
by about 26%.
E
s
t
i
m
a
t
e
d
p
o
p
u
l
a
t
i
o
n
i
n
c
r
e
a
s
e
s
i
n
t
h
e
r
e
g
i
o
n
(
6
5
)
w
i
l
l
e
x
e
r
t
a
m
a
r
k
e
d
i
n
f
l
u
e
n
c
e
o
n
c
r
o
p
p
r
o
d
u
c
t
i
o
n
.
S
i
n
c
e
t
h
e
p
r
o
j
e
c
t
e
d
a
r
e
a
d
e
v
o
t
e
d
t
o
c
r
o
p
p
r
o
d
u
c
t
i
o
n
i
s
s
u
b
s
t
a
n
t
i
a
l
l
y
u
n
c
h
a
n
g
e
d
,
h
i
g
h
e
r
c
r
o
p
p
r
o
d
u
c
t
i
o
n
p
e
r
u
n
i
t
a
r
e
a
w
i
l
l
b
e
n
e
e
d
e
d
t
o
m
e
e
t
t
h
e
f
o
o
d
r
e
q
u
i
r
e
m
e
n
t
s
o
f
a
r
a
p
i
d
l
y
—
e
x
p
a
n
d
i
n
g
p
o
p
u
l
a
—
t
i
o
n
b
y
t
h
e
y
e
a
r
2
0
2
0
.
S
i
m
u
l
t
a
n
e
o
u
s
g
r
o
w
t
h
o
f
t
h
e
l
i
v
e
s
t
o
c
k
i
n
d
u
s
t
r
y
w
i
l
l
p
r
o
b
a
b
l
y
f
o
l
l
o
w
t
h
e
p
o
p
u
l
a
t
i
o
n
t
r
e
n
d
s
,
m
a
k
i
n
g
i
t
n
e
c
e
s
s
a
r
y
a
l
s
o
t
o
i
n
c
r
e
a
s
e
f
e
e
d
p
r
o
d
u
c
t
i
o
n
p
e
r
u
n
i
t
a
r
e
a
.
T
h
e
t
r
e
m
e
n
d
o
u
s
i
n
c
r
e
a
s
e
i
n
t
h
e
p
r
o
j
e
c
t
e
d
c
r
o
p
—
y
i
e
l
d
i
n
c
r
e
a
s
e
p
e
r
u
n
i
t
a
r
e
a
i
s
i
l
l
u
s
t
r
a
t
e
d
i
n
F
i
g
.
5.
T
h
e
f
i
g
u
r
e
s
u
g
g
e
s
t
s
c
l
e
a
r
l
y
t
h
a
t
t
h
e
a
r
e
a
p
r
e
s
e
n
t
l
y
u
n
d
e
r
c
u
l
t
i
v
a
t
i
o
n
w
i
l
l
b
e
c
r
o
p
p
e
d
m
u
c
h
m
o
r
e
i
n
t
e
n
s
i
v
e
l
y
t
o
d
o
u
b
l
e
o
r
e
v
e
n
t
r
i
p
l
e
t
h
e
c
u
r
r
e
n
t
l
e
v
e
l
o
f
p
r
o
—
duction.
I
n
o
r
d
e
r
t
o
s
u
s
t
a
i
n
t
h
e
h
i
g
h
l
e
v
e
l
o
f
c
r
o
p
y
i
e
l
d
s
,
t
h
e
u
s
e
o
f
m
o
r
e
p
e
s
t
i
c
i
d
e
s
i
s
i
n
e
v
i
t
a
b
l
e
.
A
l
t
e
r
n
a
t
i
V
e
m
e
t
h
o
d
s
o
f
c
o
n
t
r
o
l
f
o
r
m
o
s
t
p
e
s
t
s
a
r
e
s
t
i
l
l
n
o
t
a
v
a
i
l
a
b
l
e
.
A
l
t
h
o
u
g
h
r
e
s
e
a
r
c
h
o
n
a
l
t
e
r
n
a
t
i
v
e
m
e
t
h
o
d
s
a
r
e
c
o
n
t
i
n
u
i
n
g
,
d
e
V
e
l
o
p
m
e
n
t
o
f
a
w
i
d
e
l
y
—
a
c
c
e
p
t
e
d
a
n
d
e
c
o
n
o
m
i
c
a
l
l
y
-
f
e
a
s
i
b
l
e
m
e
t
h
o
d
m
a
y
n
o
t
b
e
a
v
a
i
l
a
b
l
e
i
n
t
h
e
n
e
a
r
f
u
t
u
r
e
.
I
n
t
h
e
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
,
p
e
s
t
i
c
i
d
e
u
s
a
g
e
w
i
l
l
i
n
c
r
e
a
s
e
,
p
a
r
t
i
c
u
l
a
r
l
y
i
n
t
h
e
c
a
s
e
o
f
h
e
r
b
i
c
i
d
e
s
,
a
s
i
n
d
i
c
a
t
e
d
p
r
e
v
i
o
u
s
l
y
i
n
S
e
c
t
i
o
n
3
.
1
.
2
.
T
h
e
u
s
e
o
f
o
r
g
a
n
o
c
h
l
o
r
i
n
e
i
n
s
e
c
t
i
-
c
i
d
e
s
is
c
u
r
t
a
i
l
e
d
g
r
e
a
t
l
y
d
ue
t
o
t
h
e
n
u
m
e
r
o
u
s
r
e
g
u
l
a
t
o
r
y
r
e
s
t
r
i
c
t
i
o
n
s
p
l
a
c
e
d
o
n
them.
H
o
we
ve
r
,
t
h
e
i
r
us
e
is
b
e
i
n
g
r
e
p
l
a
c
e
d
b
y
t
h
e
us
e
o
f
o
r
g
a
n
e
-
p
h
o
s
p
h
o
r
o
u
s
a
n
d
c
a
r
b
a
m
a
t
e
p
e
s
t
i
c
i
d
e
s
.
T
h
e
q
u
a
n
t
i
t
i
e
s
o
f
t
h
e
s
e
c
o
m
p
o
u
n
d
s
u
s
e
d
f
o
r
a
g
r
i
c
u
l
t
u
r
a
l
p
u
r
p
o
s
e
s
a
r
e
e
x
p
e
c
t
e
d
to
i
n
c
r
e
a
s
e
,
a
n
d
a
n
e
x
p
a
n
d
e
d
 
r
e
s
e
a
r
c
h
p
r
o
g
r
a
m
o
n
t
h
e
s
t
a
b
i
l
i
t
y
,
d
e
g
r
a
d
a
b
i
l
i
t
y
a
n
d
t
o
x
i
c
o
l
o
g
y
o
f
t
h
e
carbamate
a
n
d
organophosphorous
insecticides
is
required.
Furthermore,
as
new
pesticides
are
introduced,
a
capability
should
be
developed
so
that
the
impact
o
f
these
compounds
on
the
environment
can
be
predicted.
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3.
8
P
r
o
j
e
c
t
e
d
S
e
r
i
o
u
s
n
e
s
s
o
f
F
u
t
u
r
e
P
e
s
t
i
c
i
d
e
P
o
l
l
u
t
i
o
n
P
r
o
b
l
e
m
s
3
.
8
.
1
G
e
n
e
r
a
l
L
e
v
e
l
o
f
P
e
s
t
i
c
i
d
e
C
o
n
t
a
m
i
n
a
t
i
o
n
o
f
A
g
r
i
c
u
l
t
u
r
a
l
S
o
i
l
a
n
d
t
h
e
G
r
e
a
t
L
a
k
e
s
I
n
o
r
d
e
r
t
o
a
s
s
e
s
s
t
h
e
s
e
r
i
o
u
s
n
e
s
s
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
,
i
t
i
s
i
m
p
o
r
t
a
n
t
t
o
k
n
o
w
t
h
e
e
x
t
e
n
t
o
f
p
e
s
t
i
c
i
d
e
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
t
h
e
s
o
i
l
a
n
d
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
s
.
H
o
w
e
v
e
r
,
o
n
l
y
g
e
n
e
r
a
l
i
n
d
i
c
a
t
i
o
n
s
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
-
t
i
o
n
c
a
n
b
e
m
a
d
e
b
e
c
a
u
s
e
a
d
e
q
u
a
t
e
a
s
s
e
s
s
m
e
n
t
i
s
u
n
d
o
u
b
t
e
d
l
y
d
i
f
f
i
c
u
l
t
t
o
undertake.
S
t
u
d
i
e
s
d
i
s
c
u
s
s
e
d
i
n
S
e
c
t
i
o
n
3
.
5
.
3
i
n
d
i
c
a
t
e
t
h
a
t
t
h
e
a
b
s
o
l
u
t
e
a
m
o
u
n
t
o
f
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
l
o
s
t
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
t
h
r
o
u
g
h
r
u
n
o
f
f
i
s
u
s
u
a
l
l
y
i
n
t
h
e
u
g
/
l
(
p
p
b
)
r
a
n
g
e
.
P
o
r
t
i
o
n
s
o
f
t
h
e
p
e
s
t
i
c
i
d
e
s
a
p
p
l
i
e
d
a
r
e
a
s
s
o
c
i
a
t
e
d
w
i
t
h
t
h
e
s
o
i
l
,
a
n
d
t
h
e
l
o
n
g
e
v
i
t
y
o
f
t
h
e
s
e
r
e
s
i
d
u
e
s
i
s
d
e
p
e
n
d
e
n
t
u
p
o
n
t
h
e
r
a
t
e
s
o
f
n
a
t
u
r
a
l
r
e
n
o
v
a
t
i
o
n
m
e
c
h
a
n
i
s
m
s
a
n
d
n
a
t
u
r
e
o
f
t
h
e
c
h
e
m
i
c
a
l
.
A
s
u
m
m
a
r
y
o
f
t
h
e
r
e
s
i
d
u
e
c
o
n
t
e
n
t
o
f
t
h
e
m
o
s
t
c
o
m
m
o
n
l
y
u
s
e
d
o
r
g
a
n
o
c
h
l
o
r
i
n
e
i
n
s
a
c
t
i
c
i
d
e
s
i
n
s
e
v
e
r
a
l
a
g
r
i
c
u
l
t
u
r
a
l
s
o
i
l
s
o
f
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
w
e
r
e
s
u
m
m
a
r
i
z
e
d
b
y
E
d
w
a
r
d
s
(
#
5
)
.
O
n
t
h
e
a
v
e
r
a
g
e
,
m
o
s
t
a
g
r
i
c
u
l
t
u
r
a
l
s
o
i
l
s
c
o
n
-
t
a
i
n
e
d
b
e
t
w
e
e
n
1
t
o
u
m
g
/
k
g
(
1
t
o
4
p
p
m
)
D
D
T
,
i
n
c
l
u
d
i
n
g
a
n
a
l
o
g
s
,
w
i
t
h
t
h
e
e
x
c
e
p
t
i
o
n
o
f
o
r
c
h
a
r
d
s
o
i
l
s
w
h
i
c
h
c
o
n
t
a
i
n
e
d
s
u
b
s
t
a
n
t
i
a
l
l
y
h
i
g
h
e
r
a
m
o
u
n
t
s
,
r
a
n
g
i
n
g
f
r
o
m
1
9
t
o
7
%
m
g
/
k
g
(
1
9
t
o
7
n
p
p
m
)
.
C
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
y
-
B
H
C
,
a
l
d
r
i
n
,
d
i
e
l
d
r
i
n
,
c
h
l
o
r
d
a
n
e
,
a
n
d
h
e
p
t
a
c
h
l
o
r
w
e
r
e
g
e
n
e
r
a
l
l
y
l
e
s
s
t
h
a
n
1
m
g
/
k
g
(
1
p
p
m
)
.
P
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
i
n
c
r
o
p
l
a
n
d
s
o
i
l
s
f
o
r
#
3
s
t
a
t
e
s
,
r
e
p
o
r
t
e
d
b
y
t
h
e
N
a
t
i
o
n
a
l
S
o
i
l
s
M
o
n
i
t
o
r
i
n
g
P
r
o
g
r
a
m
,
a
r
e
s
h
o
w
n
i
n
T
a
b
l
e
1
3
(
1
9
7
)
.
F
r
u
i
t
a
n
d
v
e
g
e
t
a
b
l
e
s
o
i
l
s
c
o
n
t
a
i
n
e
d
,
o
n
t
h
e
a
v
e
r
a
g
e
,
t
h
e
h
i
g
h
e
s
t
l
e
v
e
l
o
f
D
D
T
o
f
1
.
9
2
m
g
/
k
g
(
1
.
9
2
p
p
m
)
,
w
h
i
c
h
i
s
s
i
x
t
i
m
e
s
h
i
g
h
e
r
t
h
a
n
t
h
e
n
a
t
i
o
n
a
l
a
v
e
r
a
g
e
o
f
0
.
3
1
m
g
/
k
g
(
0
.
3
1
p
p
m
)
.
T
h
e
D
D
T
-
m
e
t
a
b
o
l
i
t
e
s
-
—
D
D
E
a
n
d
T
D
B
(
D
D
D
)
—
—
w
e
r
e
a
l
s
o
h
i
g
h
e
s
t
i
n
t
h
e
s
e
s
o
i
l
s
.
T
h
e
s
e
h
i
g
h
l
e
v
e
l
s
a
r
e
c
a
u
s
e
d
b
y
r
e
p
e
a
t
e
d
a
p
p
l
i
c
a
t
i
o
n
o
f
D
D
T
i
n
m
a
n
y
t
y
p
e
s
o
f
o
r
c
h
a
r
d
s
a
n
d
c
o
n
f
i
r
m
s
t
h
e
r
e
s
u
l
t
s
s
u
m
m
a
r
i
z
e
d
e
a
r
l
i
e
r
i
n
t
h
i
s
s
e
c
t
i
o
n
.
O
t
h
e
r
t
h
a
n
o
r
c
h
a
r
d
s
o
i
l
s
,
r
e
s
i
d
u
e
s
f
o
u
n
d
i
n
c
o
t
t
o
n
a
n
d
v
e
g
e
t
a
b
l
e
s
o
i
l
s
w
e
r
e
h
i
g
h
e
s
t
,
w
h
i
l
e
t
h
e
l
o
w
e
s
t
a
m
o
u
n
t
s
w
e
r
e
f
o
u
n
d
i
n
s
o
i
l
s
u
n
d
e
r
c
o
r
n
a
n
d
s
m
a
l
l
g
r
a
i
n
s
.
T
h
e
c
o
r
n
,
v
e
g
e
-
t
a
b
l
e
,
a
n
d
v
e
g
e
t
a
b
l
e
a
n
d
f
r
u
i
t
s
o
i
l
s
h
a
d
t
h
e
h
i
g
h
e
s
t
r
e
s
i
d
u
e
s
o
f
d
i
e
l
d
r
i
n
,
55
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 Ih
an
pe
st
ic
id
e
In
cl
in
e.
tn
Ig
lk
g
(p
pn
)
in
so
il
fo
r
vu
rt
ou
e
cr
op
pi
ng
re
gi
on
.
in
th
e
Un
it
ed
In
st
ea
,
FY
19
69
.
ll!!
! 13
(Ad
apt
ed
fro
m ﬂ
ier
s-n
et
.1.
(19
7))
Comp
ound
Co
rn
Gen
era
l
Fanning
"3’
‘nd
Irr
iga
ted
s-a
11
General
Farm
ing
Land
Grains
Vegetable
and
Fruit
No.
of
Sam
ple
s
Anal
yzed
Aldrin
Ars
eni
c
Atra
zine
Carb
ophe
noth
lan
Ch
lo
rd
an
e
2,u
—n
D
C
P
A
O,
p'
-D
DE
,p
'v
DD
E
o,p'
-DDT
pip
l’n
m
DD
TR
DEF
Diazinau
Dic
ofo
l
Diel
drin
Endoculfan (I)
Endosulfan (II)
ELdo
sulf
an s
ulfa
te
End
rin
Endr
in a
ldeh
yde
En
dr
in
ke
ta
ne
Eth
lcn
Eth
yl
par
ath
ion
Hepta
chlor
Hept
achl
ar e
xpau
ido
Iao
dri
n
Lin
dan
e
Hala
thio
n
Het
hox
ych
lar
PCNB
a,p'
-1'D
£
Pb
P'
-T
DE
Toxaphane
Trifl
urali
n
<0.
01
0.05
<0.01
<0.01
<0.01
<0.01
0.01
0.01
<0.01
<0.01
<0.01
0.
05
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<o.
01
<0.01
0
.
0
1
0.
04
0.
16
<0.
01
<0.01
<0.01
6.32
0.77
0.03
0.03
0
<0.01
0
0.0
2
0
(0.0
1
<0.
<0.0
1
0
(0.01
0
0
<0.01
<0.01
<0.0
1
<0.0
1
<0.01
<0.01
<0.0
1
0.01
0.0
1
0.0
“
(0.01
5.70
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
0.
15
0.
70
0.08
<0.01
1,7
29
1.7
26
19
9
6
6
1,7
29
18
8
1,
72
9
1.
72
9
1,7
29
1.
72
9
1,
72
9
1,
72
9
1.
72
9
a
s
1,
72
9
1.
72
9
1
,
7
2
9
1,
72
9
1,
72
9
1
.
7
2
9
1.
72
9
1,
72
9
a
s
66
1.
72
9
1,
72
9
1,
72
9
1,
72
9
as
1.7
29
1.
72
9
1.
72
9
1
.
7
2
9
1
.
7
2
9
1,7
29
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3:
Bla
nk
I n
ot
ana
lyn
ad;
- 3
not
det
ect
ed
  
 i
.
e
.
,
a
p
p
r
o
x
i
m
a
t
e
l
y
t
w
i
c
e
a
s
h
i
g
h
a
s
t
h
e
n
a
t
i
o
n
a
l
m
e
a
n
o
f
0
.
0
3
m
g
/
k
g
(
0
.
0
3
p
p
m
)
.
T
h
e
s
e
d
a
t
a
r
e
p
r
e
s
e
n
t
t
h
e
r
e
s
i
d
u
e
s
l
e
f
t
i
n
t
h
e
s
o
i
l
w
h
i
c
h
m
a
y
h
a
v
e
b
u
i
l
t
u
p
d
u
e
e
i
t
h
e
r
t
o
r
e
p
e
a
t
e
d
a
p
p
l
i
c
a
t
i
o
n
o
r
h
i
g
h
i
n
t
e
n
s
i
t
y
o
f
a
p
p
l
i
c
a
t
i
o
n
.
T
h
u
s
,
t
h
e
s
o
i
l
s
e
r
v
e
s
a
s
a
n
e
f
f
e
c
t
i
v
e
r
e
s
e
r
v
o
i
r
o
f
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
a
n
d
m
e
t
a
b
o
l
i
t
e
s
w
h
i
c
h
a
r
e
a
v
a
i
l
a
b
l
e
p
o
t
e
n
t
i
a
l
l
y
f
o
r
f
u
r
t
h
e
r
t
r
a
n
s
p
o
r
t
.
A
l
t
h
o
u
g
h
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
l
e
v
e
l
s
i
n
c
r
o
p
l
a
n
d
s
o
i
l
s
o
f
s
o
m
e
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
a
r
e
w
e
l
l
-
d
o
c
u
m
e
n
t
e
d
a
n
d
i
n
v
e
s
t
i
g
a
t
e
d
,
n
o
c
o
m
p
r
e
h
e
n
s
i
v
e
e
f
f
o
r
t
h
a
s
b
e
e
n
m
a
d
e
t
o
m
o
n
i
t
o
r
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
o
n
a
c
o
n
t
i
n
u
i
n
g
b
a
s
i
s
.
R
e
s
i
d
u
e
s
r
e
a
c
h
i
n
g
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
l
o
w
,
r
a
n
g
i
n
g
f
r
o
m
n
g
/
l
(
p
p
t
)
t
o
u
g
/
l
(
p
p
b
)
l
e
v
e
l
s
.
T
h
i
s
i
s
c
l
e
a
r
l
y
d
e
m
o
n
s
t
r
a
t
e
d
b
y
t
h
e
r
e
s
u
l
t
s
o
f
m
o
n
i
t
o
r
i
n
g
s
t
u
d
i
e
s
c
o
n
d
u
c
t
e
d
o
n
l
a
k
e
a
n
d
t
r
i
b
u
t
a
r
y
w
a
t
e
r
s
(
5
8
,
1
0
3
,
1
0
9
,
1
2
7
,
2
0
“
)
.
A
l
t
h
o
u
g
h
t
h
e
a
m
o
u
n
t
s
o
f
p
e
s
t
i
c
i
d
e
r
e
a
c
h
i
n
g
t
h
e
G
r
e
a
t
L
a
k
e
s
a
r
e
l
o
w
-
l
e
v
e
l
r
e
s
i
d
u
e
s
,
c
o
n
t
a
m
i
n
a
t
i
o
n
i
s
c
o
n
t
i
n
u
a
l
a
s
a
r
e
s
u
l
t
o
f
t
h
e
p
e
r
p
e
t
u
a
l
p
r
o
c
e
s
s
o
f
r
u
n
o
f
f
a
n
d
e
r
o
s
i
o
n
o
c
c
u
r
r
i
n
g
f
r
o
m
a
d
j
a
c
e
n
t
t
r
e
a
t
e
d
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
.
F
u
r
t
h
e
r
m
o
r
e
,
t
h
e
i
m
p
a
c
t
o
f
p
e
s
t
i
c
i
d
e
s
o
n
a
q
u
a
t
i
c
o
r
g
a
n
i
s
m
s
i
s
o
f
m
a
j
o
r
c
o
n
c
e
r
n
.
F
i
s
h
,
m
u
s
s
e
l
s
,
s
h
r
i
m
p
,
i
n
v
e
r
t
e
b
r
a
t
e
s
,
p
l
a
n
k
t
o
n
,
a
q
u
a
t
i
c
p
l
a
n
t
s
,
a
n
d
o
t
h
e
r
a
q
u
a
t
i
c
o
r
g
a
n
i
m
s
,
t
h
r
o
u
g
h
t
h
e
p
r
o
c
e
s
s
o
f
b
i
o
m
a
g
n
i
f
i
c
a
t
i
o
n
,
c
o
n
c
e
n
t
r
a
t
e
t
h
e
l
o
w
-
l
e
v
e
l
r
e
s
i
d
u
e
s
i
n
t
h
e
i
r
t
i
s
s
u
e
s
(18,
32,
#5,
103,
127,
1H7,
148,
185,
20H).
Clearly,
the
hazards
of
p
e
s
t
i
c
i
d
e
s
in
t
h
e
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
l
i
e
in
t
h
e
b
i
o
l
o
g
i
c
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
p
r
o
c
e
s
s
at
a
l
l
t
r
o
p
h
i
c
l
e
v
e
l
s
in
t
h
e
f
o
o
d
chain.
E
f
f
e
c
t
s
o
f
f
o
o
d
c
h
a
i
n
c
o
n
t
a
m
i
n
a
t
i
o
n
o
n
f
i
s
h
a
n
d
w
i
l
d
l
i
f
e
h
a
v
e
a
l
r
e
a
d
y
b
e
e
n
w
e
l
l
—
d
o
c
u
m
e
n
t
e
d
a
n
d
r
e
v
i
e
w
e
d
(35,
#5,
103,
130,
207).
P
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
a
c
c
u
m
u
l
a
t
i
o
n
in
t
h
e
f
o
o
d
c
h
a
i
n
m
a
y
a
l
s
o
r
e
s
u
l
t
i
n
h
a
z
a
r
d
o
u
s
e
x
p
o
s
u
r
e
t
o
h
u
m
a
n
s
.
Current
information
reveals
that
among
the
Great
Lakes,
Lake
Michigan
has
the
greatest
pesticide
problem
(105,
148,
1u9).
In
view
o
f
this,
most
o
f
the
m
o
n
i
t
o
r
i
n
g
programs
have
been
directed
at
that
lake.
Recently,
an
e
va
l
ua
t
i
o
n
of
DDT
and
dieldrin
in
Lake
Michigan
was
made
based
on
monitor—
ing
waters,
biological
indicators,
fish
and
sediments
for
these
compounds
(103).
Concentrations
of
DDT
and
dieldrin
in
lake
and
tributary
waters,
as
well
as
in
stream
sediments,
are
presented
in
Tables
14,
15
and
16,
respectively.
The
levels
of
DDT
and
dieldrin
in
the
waters
are
normally
57
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TABLE 14
Lake Michigan Open Water Pesticides--July 1969. (Adapted from The Lake Michigan
Interstate Pesticide Committee of the Lake Michigan Enforcement Conference (103).)
    
Sample Location
No. (1/2 mile off shore) Total DDT Dieldrin BHC Estimated PCB
ng/l
3 Little Suamico River <1 1.1 111 2.5
u Pensaukee River 2.6 2.6 140 6.5
5 0conto River 12.7 1.3 50.3
6 Peshtigo River <1 <1 33.0 2.8
7 Menominee River 1.1 1.5 16.5 2.5
9 Clark Lake Creek 3.5 1.5 13.7 9.0
11 Kangaroo Lake Creek <1 1.7 8.0 Off Scale
14 Ahnapee River 15.3 1.0 23.3 50.8
15 Kewaunee River <1 1.1 8.5
16 East Twin River 8.8 2.2 20.0 19.5
21 Pine Creek 31.2 2.6 7.5 Off Scale
26 Pigeon River <1 <1 11.2 2.5
30 Kinnickinnic River 5.5 2.2 8.0 9.5
31 Menomonee River 12.0 1.1 20.2 15.0
32 Oak Creek 10.8 3.3 22.8 27.2
33 Root Creek 5.9 4.5 110 5.5
an Pike River 2.1 3.1 27.8
35 Barnes Creek 5.0 1.9 9.0
36 Calumet River at
Calumet City u.1 2.1 7.8 55.9
37 Burns Ditch 9.7 2.3 8.3 9.3
38 Trail Creek 3.5 2.1 1.5 6.5
39 Galien River 10.1 3.u u.5 15.0
#0 Drain at Sawyer 1.5 1.9 7.u
42 Paw Paw River 11.1 3.0 39.3 28.3
93 Black River 1.2 1.8 1.8 2.5
48 Muskegon River at mouth
into Muskegon Lake 1'” 1'6 12'3 2's
49 White River 1.9 1.5 18.1 2.0
50 Pentwater River 5.0 2.7 5.8 12.5
52 Manistee River <1 <1 5.9 2.5
53 Betsie River 1.3 1.2 6.2
SH Platte River 2.5 1.” 9.9 5.0
60 Bear River, Petoskey 1.5 1.3 2.1
62 Manistique River 11.1 1.6 6.5
65 Escanaba River <1 <1 16.1 2.0
NOTE: ng/l = ppt; 1 mile = 1.609 km.
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Lake
Michigan
River
Water
Pesticides—duly
1969.
(Adapted
from
The
Lake
Michigan
Interstate
Pesticide
Committee
of
the
Lake
Michigan
Enforcement
Conference
(103).)
 
5
m
m
15
 
3
No.
Location
Totsl
DDT
Dieldrin
3H0
Estimated
PCB
I
Sample
113/1
2
Big
Sualsico
River
<10
<10
N
C
“
NC
3
Little
Suamico
River
<10
NC
.
NC
M
Peneaukee
River
<10
<10
NC
NC
5
Dconto
River
<10
<10
NC
NC
6
Peshtigo
River
<10
<10
73.5
NC
7
Menominee
River
<10
<10
128
NC
8
Mud
Lake
Creek
<10
16.0
NC
9
Clark
Lake
Creek
600*
10
17.8
NC
10
N
Jacksonport
Creek
<10
03.3
NC
11
Kangaroo
Lake
Creek
10.“
<10
52.2
NC
12
Moonlight
Bay
<10
<10
27.2
NC
13
Stony
Creek
<10
<10
35.3
NC
1"
Ahnapee
River
360*
<10
12.2
NC
15
Keweunee
River
<10
<10
13.3
NC
16
East
Twin
Rive).1
<10
<10
50.0
NC
17
West
Twin
River
27.6
<10
1
1
m
10
Manitowoc
River
<10
<10
66.7
NC
19
Silver
Creek
10.8
<10
30.0
NC
20
Calvin
Creek
<10
<10
<10
NC
21
Pine
Creek
570*
<10
<10
NC
22
Point
Creek
<10
<10
<10
NC
23
Fisher
Creek
<10
<10
<10
NC
24
Csnterville
Creek
<10
<10
17“
NC
25
Seven
Mile
Creek
502*
<10
20.8
KC
26
Pigeon
River
<10
<10
<10
NC
27
Sheboygsn
River
260*
<10
5.2
Very
possible
23
Black
River
97.”
<10
13.“
Very
possible
29
Souk
Week
29.8‘
<10
19.5
Possible
30
Milwaukee
River
“2.8.
28.8
It“
Possible
31
Menomonee
River
53.3"
1'.
00
Possible
33
Root
Creek
10.0
<10
60
Possible
3%
Pike
River
09.1.
<10
10.“
Possible
35
Homes
Creek
75.5*
<10
<10
Possible
36
Calumet
River
at
m
m
t
City
50*
<10
140.1.
37
Burns
Ditch
<10
<l0
17.9
IC
38
m
u
.
Creek
93.”
<10
'47
Possible
39
Gslien
River
58.9.
<10
1'6
Possible
“0
Drain
at
Sawyer
13.0
<10
no
01
St.
Joseph
River
<10
<10
23.0
30.0
02
Psw
PewRiver
36.0"
05.2
7.2
“3
Bleak
River
82.2t
<10
<10
00
‘W
Kslsmzoo
River
<10
<10
33.0
'0
‘05
Black
River
<10
<10
<10
<10
06
Pigeon
River
<10
<10
10.0
If:
“7
Grand
River
11.“.
<10
<10
Possible
03
Huskegon
River
at
month
into
Muskegon
L.
<10
<10
<10
'c
#9
"hits
River
<10
<10
<10
Ic
50
Pentater
River
<10
<10
<10
<10
51
Pore
Marquette
River
<10
<10
20
so
52
Hsnietee
River
20.“
<10
<10
Possible
53
Betsie
River
<10
<10
<10
NC
5"
Platte
River
<10
<10
<10
I0
56
t-selsnan
Lake
<10
<10
<10
ac
57
Boardmn
River
<10
<10
Inter
NC
59
Lake
Charlevois
Outlet
600*
<10
<10
so
00
Bear
River.
Petoskey
<10
<10
NC
NC
61
Millecoquins
Creek
<10
<10
“0
DC
52
Henletique
River
<10
<10
<10
'0
53
Sturgeon
River
<10
<10
<10
00
0‘5
Whitefish
River
975*
<10
IC
'0
05
Esesube
River
<10
<10
<10
KC
06
Ford
River
<10
<10
<10
sc
*Retsntion time not exact
“Not calculated
Ion: na/l - pp:
   
TABLE 16
Pe
st
ic
id
es
in
St
re
am
Se
di
me
nt
s-
Ju
1y
19
69
.
(A
da
pt
ed
fr
om
Th
e
La
ke
Mi
eh
lg
an
In
te
rs
ta
te
Pe
st
ic
id
e
Co
mm
it
te
e
of
th
e
La
ke
Mi
ch
ig
an
En
fo
rc
em
en
t
Co
nf
er
en
ce
,
19
72
(1
03
).
)
   
 
Sample
No
.
Lo
ca
ti
on
To
ta
l
DD
T
Di
el
dr
in
Es
ti
ma
te
d
PC
B
us/g‘
1
Ea
st
Ri
ve
r
1.
07
0.
00
1
0.
50
2
Bi
g
Su
am
ic
o
Ri
ve
r
0.
00
1
0.
00
1
0.
01
3
Li
tt
le
Su
am
ic
o
Ri
ve
r
0.
00
6
0.
00
1
0.
02
0
Pe
ns
au
ke
e
Ri
ve
r
0.
02
3
0.
00
1
0.
05
5
0c
on
to
Ri
ve
r
0.
00
2
0.
00
1
0.
01
6
Pe
sh
ti
go
Ri
ve
r
0.
00
2
0.
00
1
0.
01
7
Me
no
mi
ne
e
Ri
ve
r
0.
00
1
0.
00
1
0.
01
8
Mu
d
La
ke
Cr
ee
k
0.
00
1
0.
00
1
0.
01
9
Cl
ar
k
La
ke
Cr
ee
k
0.
01
1
0.
02
8
10
N
Ja
ck
so
np
or
t
Cr
ee
k
0.
00
3
0.
00
1
0.
01
11
Ka
ng
ar
oo
La
ke
Cr
ee
k
0.
01
5
0.
00
1
0.
01
13
St
on
y
Cr
ee
k
0.
01
9
0.
00
1
0.
08
1“
Ah
na
pe
e
Ri
ve
r
0.
10
2
0.
00
1
1.
10
15
Ke
wa
un
ee
Ri
ve
r
0.
03
3
0.
00
1
0.
03
5
16
Ea
st
Tw
in
Ri
ve
r
0.
07
9
0.
00
1
0.
21
17
We
st
Tw
in
Ri
ve
r
0.
03
5
0.
00
1
0.
05
2
18
Me
ni
to
wo
c
Ri
ve
r
0.
03
7
0.
00
1
0.
12
19
Si
lv
er
Cr
ee
k
0.
01
6
0.
01
20
Ca
lv
in
Cr
ee
k
0.
08
2
0.
00
1
0.
01
21
Pi
ne
Cr
ee
k
0.
00
8
0.
03
3
22
Po
in
t
Cr
ee
k
0.
02
6
0.
00
1
0.
01
5
23
Fi
sh
er
Cr
ee
k
0.
00
2
0.
00
1
0.
02
1
25
Se
ve
n
Mi
le
Cr
ee
k
0.
06
7
0.
00
1
26
Pi
ge
on
Ri
ve
r
0.
05
3
0.
08
5
27
Sh
eb
oy
ge
n
Ri
ve
r
0.
17
3
0.
00
1
7.
2
20
Bl
ac
k
Ri
ve
r
0.
01
1
0.
05
2
29
Sa
uk
Cr
ee
k
0.
06
7
0.
00
1
0.
06
5
30
Mi
lw
au
ke
e
Ri
ve
r
0.
00
2
0.
00
0
3.
2
31
Me
no
mo
ne
e
Ri
ve
r
0.
11
»
0.
00
0
“.
0
33
Ro
ot
Cr
ee
k
0.
05
9
0.
00
0
0.
07
5
3“
Pi
ke
Ri
ve
r
0.
13
7
0.
00
2
0.
20
35
Ba
rn
es
Cr
ee
k
0.
01
0
0.
01
3
36 Calumet River at
Ca
lu
me
t
Ci
ty
0.
06
3
0.
00
0
1.
25
37
Eu
rn
a
Di
tc
h
0.
01
7
0.
00
1
0.
02
1
30
Tr
ai
l
Cr
ee
k
0.
10
3
0.
00
2
3}
Ga
ll
on
Ri
va
t
0.
02
0
0.
00
2
0.
00
0
“0
Dr
ai
n
at
Sa
wy
er
0.
00
9
0.
03
7
01
St
.
Jo
se
ph
Ri
ve
r
0.
02
9
0.
00
1
0.
03
2
02
Pa
w
Pa
wR
iv
er
0.
03
5
O.
00
1
0.
00
03
Bl
ac
k
Ri
ve
r
0.
00
“
0.
00
5
0.
11
00
Ka
la
ma
zo
o
Ri
ve
r
0.
05
3
0.
00
1
0.
00
3
06
Pi
ge
on
Ri
ve
r
0.
03
0.
00
1
0.
01
0
07
Gr
an
d
Ri
ve
r
0.
06
1
0.
00
2
0.
17
08
Ku
ek
eg
on
Ri
ve
r
at
mo
ut
h
in
to
Mu
sk
eg
on
La
ke
0.
00
6
0.
00
1
0.
01
“9
“b
it
e
Ri
ve
r
0.
00
8
0.
00
3
0.
02
50
Pe
nt
wa
te
r
Ri
ve
r
0.
00
1
0.
00
1
0.
01
51
Pa
re
Ma
rq
ue
tt
e
Ri
ve
r
0.
00
7
0.
00
1
0.
01
52
Ma
ni
st
ee
Ri
ve
r
0.
00
1
0.
00
1
0.
01
53
Be
ts
ie
Ri
ve
r
0.
01
2
0.
00
1
0.
01
5“
Pl
at
te
Ri
ve
r
0.
01
1
0
00
1
0.
01
56
Le
el
an
an
La
ke
0.
00
5
0.
00
1
0.
01
57
Bo
ar
dm
an
Ri
ve
r
0.
00
8
0.
00
1
0.
01
59
La
ke
Ch
ar
le
vo
ix
0.
00
8
0.
00
1
0.
01
60
Be
ar
Ri
ve
r,
Pe
to
ek
ey
0.
00
5
0.
00
1
0.
01
61
M1
11
ec
oq
ui
ns
Cr
ee
k
0.
00
2
0.
00
1
0.
01
02
Ma
ni
et
iq
ue
Ri
ve
r
0.
11
0
0.
00
1
0.
80
63
St
ur
ge
on
Ri
ve
r
0.
00
3
0.
00
1
0.
01
60
Wh
it
ef
is
h
Ri
ve
r
0.
00
7
0.
00
65
te
ca
na
ba
Ri
ve
r
0.
06
9
0.
00
1
1.
00
66
Fo
rd
Ri
ve
r
0.
00
7
0.
00
1
0.
03
ﬁﬂet basin
NOTE: 03/3 3 ppm
 
 low,
most
samples
containing
less
than
10
ng/l
(10
ppt).
However,
the
stream
sediments
contained
several
hundred
times
more
DDT
and
dieldrin
than
the
associated
tributary
waters.
Nonetheless,
pesticide
monitoring
in
lake
sediments
is
often
neglected
although
Sediments
serve
as
the
most
important
repository
of
pesticides
in
aquatic
ecosystems
(105).
Eroded
soil
particles
containing
adsorbed
pesticides
eventually
settle
on
lake
bottoms
and
become
part
of
the
sediment.
In
addition,
pesticides
in
water
or
in
aquatic
organisms
may
return
to
the
sediment
through
sorption
and
decomposition.
These
situations
underscore
the
importance
of
including
stream
and
near—
shore
sediment
sampling
in
any
monitoring
program
of
pesticides.
The
pesticide
pollution
of
Lake
Michigan,
as
indicated
by
high
accumulations
of
DDT
and
dieldrin
in
sediment,
fish,
and
biological
samples,
suggests
higher
usage
of
pesticides
in
the
watershed
of
this
lake
than
of
the
other
lakes.
One
of
the
suspected
sources
is
from
treated
agricultural
watersheds;
however,
definitive
studies
of
the
contribution
of
farming
activities
on
the
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
a
r
e
y
e
t
t
o
b
e
u
n
d
e
r
t
a
k
e
n
.
3.8.2
Projections
and
Assumptions
The
pesticide
contamination
of
Lake
Michigan
has
already
been
well-
established.
Pesticide
input
to
the
Great
Lakes
will
continue
as
long
as
pesticides
are
used
in
the
watersheds.
As
indicated
in
Section
3.7,
pesti—
cide
use
is
predicted
to
increase
due
to
projected
increased
crop
and
live-
stock
production
per
unit
area
and
the
absence
of
suitable
alternatives
to
replace
chemical
pest
control.
Even
withcurtailment
in
the
use
of
DDT
and
other
organochlorine
insecticides,
residues
of
these
chemicals
still
present
a
continuing
hazard
to
the
aquatic
environment
due
to
their
long persistence
in
soils.
Evidence
indicates
that
there
is
already
a
"pool"
of
DDT
in
soils,
especially
in
heavily
treated
areas
such
as
orchards.
It
is
estimated
that,
if
the
use
of
DDT
was
to
cease
in
the
mid-1970's,
detectable
levels
will
still
be
found
in
the
troposphere
and
the
oceanic
mixed
layer
in
the
year
2000
(207).
Build—up
of residues
from
herbicides
may
result
due
to
increasing
use
and
repeated
applications.
Commonly
used
herbicides
like
the
s-triazines
are
known
to
persist
in
soils
for
a year
or
more.
The'less
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per
sis
ten
t o
rga
nop
hos
pho
rou
s a
nd
car
bam
ate
ins
ect
ici
des
may
pos
e l
ess
of
a
haz
ard
fro
m r
esi
due
s.
How
eve
r,
bec
aus
e o
f t
hei
r r
api
d d
egr
ada
bil
ity
in
soi
ls,
mor
e f
req
uen
t a
ppl
ica
tio
ns
are
nee
ded
to
obt
ain
eff
ect
ive
ins
ect
con
tro
l.
Met
abo
lit
e
acc
umu
lat
ion
in
soi
l i
s r
ela
tiv
ely
unk
now
n e
xce
pt
for
BBB and TDE (DDD).
Th
e
se
ri
ou
sn
es
s
of
fu
tu
re
pe
st
ic
id
e
po
ll
ut
io
n
pr
ob
le
ms
in
th
e
Gr
ea
t
Lak
es
dep
end
s h
eav
ily
on
the
ade
qua
cy
of
ero
sio
n a
nd
sed
ime
nt
con
tro
l
mea
sur
es.
Sur
fac
e r
uno
ff—
—im
pli
cat
ed
as
the
mai
n a
ven
ue
of
pes
tic
ide
ent
ry
to
aq
ua
ti
c
sy
st
em
s-
-c
an
be
co
nt
ro
ll
ed
ef
fe
ct
iv
el
y
by
pr
es
en
t
te
ch
no
lo
gy
.
How
eve
r,
put
tin
g t
he
tec
hno
log
y t
o w
ork
is
oft
en
ham
per
ed
by
ina
deq
uat
e
control measures and lack of effective implementation.
In
th
e
Gr
ea
t
La
ke
s
Re
gi
on
ab
ou
t
7,
75
6,
30
0
ha
(1
9,
16
5,
90
0
ac
re
s)
or
60%
of
the
tot
al
are
a i
s c
urr
ent
ly
in
nee
d o
f l
and
tre
atm
ent
(Ta
ble
17)
.
Usi
ng
cur
ren
t c
ons
erv
ati
on
pra
cti
ces
emb
odi
ed
in
Pub
lic
Law
(P.
L.)
566
and
P.L
. 4
6,
onl
y 4
0%
is
pro
jec
ted
to
be
tre
ate
d b
y t
he
yea
r 2
020
, l
eav
ing
60%
unt
rea
ted
.
Eve
n a
cce
ler
ate
d l
and
tre
atm
ent
sch
eme
s
whi
ch
inv
olv
e
cos
t-
sha
rin
g b
etw
een
the
Fed
era
l g
ove
rnm
ent
and
the
\fa
rme
r a
re
pro
jec
ted
to
treat only “4% of the land by the year 2020.
It
is
int
ere
sti
ng
to
not
e
tha
t
in
the
abo
ve
con
tro
l l
egi
sla
tio
n,
the
ero
sio
n a
nd
sed
ime
nt
pro
ble
m h
as
to
be
sol
ved
pri
mar
ily
on
a v
olu
nta
ry
bas
is
wit
hou
t g
ove
rnm
ent
al
uni
ts
pro
vid
ing
ade
qua
te
reg
ula
tio
ns.
The
se
con
tro
l
pro
gra
ms
are
ext
rem
ely
slo
w a
nd,
if
the
y
con
tin
ue
to
be
imp
lem
ent
ed
in
thi
s
vol
unt
ary
fas
hio
n,
aba
tem
ent
of
pes
tic
ide
pol
lut
ion
of
aqu
ati
c
eco
sys
tem
s
wil
l b
e v
ery
lim
ite
d i
n t
he
nex
t
50
yea
rs.
Haz
ard
s
of
ero
sio
n w
ill
be
int
ens
ifi
ed
by
the
ope
nin
g o
f i
dle
cro
pla
nd
sin
ce
mos
t o
f t
hes
e l
and
s l
ie
on steep slopes or have shallow soils. .
In
or
de
r
to
mi
ni
mi
ze
pe
st
ic
id
e
po
ll
ut
io
n
ef
fe
ct
iv
el
y,
ma
nd
at
or
y
se
di
me
nt
con
tro
l p
rog
ram
s i
n t
he
Gre
at
Lak
es
Reg
ion
are
req
uir
ed
urg
ent
ly.
3.9
Rev
iew
of
Ins
tit
uti
ona
l A
rra
nge
men
ts
to
Reg
ula
te
Pes
tic
ide
Pol
lut
ion
The
Fed
era
l W
ate
r P
oll
uti
on
Con
tro
l A
ct
Ame
ndm
ent
s o
f 1
972
bro
adl
y
reg
ula
te
wat
er
pol
lut
ion
fro
m a
ll
sou
rce
s,
inc
lud
ing
suc
h n
on-
poi
nt
sou
rce
s
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TAB“ 17
T
o
t
a
l
a
r
e
a
,
I
t
e
m
t
r
e
a
t
e
d
a
n
d
a
r
e
a
n
e
e
d
i
n
g
t
r
e
a
t
m
e
n
t
f
o
r
1
9
7
0
a
n
d
u
n
d
e
r
c
u
r
r
e
n
t
a
g
r
i
c
u
l
t
u
r
a
l
c
o
n
s
e
r
v
a
t
i
o
n
practices.
a
n
d
r
e
c
o
n
-
h
e
a
d
e
d
a
c
c
e
l
e
r
a
t
e
d
p
r
o
g
r
a
m
s
in
t
h
e
U
.
S
.
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
,
for
1980,
2
0
0
0
a
n
d
2
0
2
0
.
(
E
x
c
e
r
p
t
e
d
a
n
d
r
e
c
a
l
c
u
l
a
t
e
d
f
r
o
m
A
p
p
e
n
d
i
x
13.
L
a
n
d
U
s
:
a
n
d
M
a
n
a
g
e
m
n
t
W
o
r
k
G
r
o
u
p
of
the
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
C
o
m
m
i
s
s
i
o
n
.
s
p
o
n
s
o
r
e
d
b
y
the
F
o
r
e
s
t
S
e
r
v
i
c
e
a
n
d
8
0
1
1
C
o
n
s
e
r
v
a
t
i
o
n
S
e
r
v
i
c
e
o
f
t
h
e
0
.
5
.
D
e
p
a
r
t
m
e
n
t
o
f
A
g
r
i
c
u
l
t
u
r
e
(
6
6
)
.
)
projected
area
that
will
be
t
u
n
e
d
 
W
o
f
a
g
r
i
-
T
o
t
a
l
area.
M
e
g
;
t
r
e
a
t
a
d
p
r
i
o
r
A
r
e
a
h
e
a
l
i
n
g
t
r
e
a
t
m
e
n
t
m
u
r
a
l
l
a
n
d
1
9
7
0
t
o
1
9
7
0
a
f
t
e
r
1
9
7
0
H
a
x
l
o
a
A
x
l
o
s
u
a
u
o
a
A
n
n
i
;
H
a
n
a
3
m
o
s
(
3
‘
0
l
e
u
.
s
7
7
.
e
2
8
,
6
0
9
.
0
4
,
8
0
0
.
8
1
1
,
5
6
2
.
?
6
,
7
7
7
.
1
1
6
,
7
u
6
.
3
P
l
a
n
a
r
.
l
,
“
1
8
.
8
3
,
5
0
5
.
8
“
1
9
.
6
1
,
0
8
6
.
2
9
7
9
.
2
2
3
1
9
.
6
1'
O
T
A
L
1
2
,
9
9
6
.
?
3
2
,
1
1
k
.
8
5,2140.’+
J.2,JH8.9
7
,
7
5
6
.
3
1
9
,
1
6
5
.
9
Projected
area
that
will
be
treated
under
current
conservation
laws“
Area
n
e
e
d
i
n
g
treatment
1980
2000
2020
a
f
t
e
r
2020
H
u
u
o
3
m
o
s
HaxlOa
M
1
0
3
Haxloa
m
o
a
n
a
n
o
a
m
o
’
Q‘opllnd
650.1
1,606.”
1,950.3
“
.
8
1
9
3
2,730.7
6,710.8
k,0'46.3
9,998.5
F
u
t
u
r
e
916.9
23u.6
25h.9
7
0
m
l
399.9
935.9
530.2
1,433.7
r
o
1'
A
I.
7
%
.
0
1
.
8
%
»
2,235.2
5,523.“
3,129.6
7,733.7
u,szs.5
11,'t32.2
Q
“
9.6
28.3
no.4
59.6
P
r
o
j
o
c
t
e
d
area
that
will
be
treated
if
the
tan:
m
e
n
d
e
d
a
c
c
e
l
e
r
a
t
e
d
programs
are
approved
1’
Aron
needing
t
r
e
a
t
m
t
1930
2600
2020
a
f
t
e
r
2020
H
a
l
o
s
M
1
0
3
39.103
Axloa
M
0
3
Axloa
E
m
m
a
m
o
"
cropland
779.9
1,927.2
2,135.0
5,300.3
2,990.6
7,389.9
3,786.5
9,356.“
m
.
11.“.0
281.7
313.5
7
7
M
B
437.9
1,082.0
s
u
m
;
1.337.!
'1'
O
1'
A
L
993.9
2,208.9
2,h58.5
6,075.0
3,u28.5
8,371.9
$
3
2
7
.
8
10,695.0
t
H
11.5
31.7
“0.2
55.3
‘Puhlic
Luv
566
and
P.L.-us
programs
“107° and a ban
5
9
9
9
‘
.
"
providing
funds
for
installation
coats
of
11nd
treatmnt
measures
  
  
as agricultural land. In terms of pesticide pollution, specific federal
and state laws and regulations have been enacted to control the registra—
tion, distribution, use and application of pesticides.
The Federal Environmental Pesticide Control Act (FEPCA) was enacted
on October 21, 1972, amending the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) of 1947. Among the major provisions are included:
registration, classification, applicator certification, intensified research
and monitoring programs, development of disposal policies, and strengthening
of enforcement policies. Most of the provisions ofthe act became effective
immediately, while others have deadlines for later enforcement pending the
establishment of regulations and development of federal standards to guide
states in implementing the legislation. All provisions must be implemented
by October 1976. Among the provisions to take effect by 1976 are:
l. classification of pesticides into general and restricted use, and 2.
development, by states, of certification and licensing programs for appli'
cators of restricted pesticides and subsequent approval of such programs
by the U.S. Environmental Protection Agency (U.S. EPA). The act emphasizes
the immediate need to develop biologically-integrated alternatives for
pest control.
By authority of the FIFRA, the U.S. EPA Administrator after extensive
hearings cancelled the nation-wide sale and use of DDT in June 1972except
for health reasons; the order became effective December 31, 1972. Usa of
other hazardous pesticides, such as 2,u,5—T, aldrin and dieldrin, have been
cancelled temporarily, pending the results of public hearings.
The Great Lakes States have currentlaws or regulations which either
conform with or are more stringent than the federal act. Given below are
the laws and regulations by state. Most of the information given is based
on that compiled by the Great Lakes Water Quality Board (67) and U.S. EPA
(48).
3.9.1 Illinois
The Pesticide Control Law (Ch. 5, Ill. Ann. Stat. 1969) was passed
64
  
o
n
J
u
n
e
2
5
,
1
9
6
9
.
T
h
i
s
a
c
t
p
r
o
v
i
d
e
s
f
o
r
l
a
b
e
l
i
n
g
o
f
p
e
s
t
i
c
i
d
e
s
t
o
p
r
e
v
e
n
t
c
o
n
t
a
m
i
n
a
t
i
o
n
o
f
w
a
t
e
r
s
a
n
d
t
h
e
e
n
v
i
r
o
n
m
e
n
t
b
y
r
e
g
u
l
a
t
i
n
g
,
r
e
s
t
r
i
c
t
i
n
g
o
r
p
r
o
h
i
b
i
t
i
n
g
t
h
e
s
a
l
e
,
u
s
e
o
r
a
p
p
l
i
c
a
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
s
.
I
t
a
u
t
h
o
r
i
z
e
s
t
h
e
I
l
l
i
n
o
i
s
D
e
p
a
r
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same year, the Pesticide Applications Law (Sec. 12.353, Mich. Ann. Stat.
1967) was passed making it unlawful to apply pesticides commercially unless
licensed by the Michigan Department of Agriculture.
An Economic Poisons Advisory Committee was formed in 1970. Under the
interagency Agreement for Economic Poisons Label Review, each state agency
makes periodic reviews of all labels of economic poisons proposad for
registration.
In March 1972, a restricted—use pesticides regulation was promulgated
for the identification of restricted—use pesticides. The restricted pesti-
cides are to be sold only bylicensed dealers to licensed applicators or
representatives of governmental agencies. The Michigan Department of
Agriculture assumes the regulatory responsibilityfor proper pesticide usage.
3.9.u Minnesota
In 1969, the Economic Poisons and Devices Law (Sec. 24.069, Minn. Stat.
1969) was promulgated, creating the Pesticide Advisory Board which developed
regulations on restricted-use pesticides issued by the Minnesota Department
of Agriculture in mid-1970. These regulations restricted the sale, use and
distribution of DDT and several other compounds. The agency responsible
for registration and labeling is the Department of Agriculture while the
Departments of Agriculture and Natural Resources assume the regulatory
functions. Licensing of commercial applicators and dealers of restricted-
use pesticides by the Department of Agriculture is provided in the Spraying
and Dusting
Law
(Sec.
18.031,
Minn.
Stat.
1969).
3.9.5 New York
Enactment of the Economic Poisons Law in 1973 (Sec. 33-0101, N.Y.
Environ. Con. Law, 1973) required that all pesticides used in the state be
registered with the New York Department of Environmental Conservation. The
department also has restricted the use of certain pesticides and prohibited
the use of others. The Custom Application of Pesticides Act of 1973
66
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3.9.9 Great Lakes Basin
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o
g
r
e
s
s
i
n
a
n
y
m
o
n
i
t
o
r
i
n
g
a
n
d
e
n
f
o
r
c
e
-
m
e
n
t
p
r
o
g
r
a
m
i
s
c
u
r
t
a
i
l
e
d
s
e
v
e
r
e
l
y
b
y
l
a
c
k
o
f
f
u
n
d
s
a
n
d
p
e
r
s
o
n
n
e
l
.
I
n
a
d
d
i
t
i
o
n
,
r
a
p
p
o
r
t
b
e
t
w
e
e
n
a
g
e
n
c
i
e
s
r
e
s
p
o
n
s
i
b
l
e
f
o
r
e
n
f
o
r
c
e
m
e
n
t
p
r
o
g
r
a
m
s
i
s
n
o
t
a
l
w
a
y
s
p
o
s
s
i
b
l
e
;
t
h
u
s
,
o
n
e
s
i
n
g
l
e
a
g
e
n
c
y
s
h
o
u
l
d
b
e
g
i
v
e
n
s
o
l
e
a
u
t
h
o
r
i
t
y
fo
r
im
pl
em
en
ti
ng
al
l
pe
st
ic
id
e
re
gu
la
ti
on
s.
O
n
e
c
r
i
t
i
c
a
l
w
e
a
k
n
e
s
s
o
f
p
e
s
t
i
c
i
d
e
r
e
g
u
l
a
t
o
r
y
p
r
o
g
r
a
m
s
h
a
s
b
e
e
n
t
h
e
i
n
a
b
i
l
i
t
y
t
o
e
s
t
i
m
a
t
e
q
u
a
n
t
i
t
i
e
s
o
f
p
e
s
t
i
c
i
d
e
s
u
s
e
d
a
n
d
l
o
c
a
t
i
o
n
o
f
t
h
e
i
r
u
s
e
.
I
n
o
r
d
e
r
t
o
h
a
v
e
a
s
o
u
n
d
p
e
s
t
i
c
i
d
e
m
a
n
a
g
e
m
e
n
t
a
n
d
c
o
n
t
r
o
l
p
r
o
g
r
a
m
,
t
h
e
s
t
a
t
e
a
g
e
n
c
i
e
s
c
o
n
c
e
r
n
e
d
m
u
s
t
e
s
t
a
b
l
i
s
h
a
s
y
s
t
e
m
o
f
d
o
c
u
m
e
n
t
i
n
g
t
h
e
a
m
o
u
n
t
s
a
n
d
l
e
v
e
l
s
o
f
p
e
s
t
i
c
i
d
e
s
u
S
e
d
a
s
w
e
l
l
a
s
i
n
f
o
r
m
a
t
i
o
n
r
e
l
a
t
i
n
g
t
o
w
h
e
n
a
n
d
w
h
e
r
e
t
h
e
y
w
e
r
e
u
s
e
d
.
F
u
r
t
h
e
r
m
o
r
e
,
s
t
a
t
e
a
g
e
n
c
i
e
s
s
h
o
u
l
d
i
n
i
t
i
a
t
e
a
v
i
g
o
r
o
u
s
e
f
f
o
r
t
t
o
i
n
c
l
u
d
e
s
o
i
l
a
n
d
s
e
d
i
m
e
n
t
i
n
a
n
y
m
o
n
i
t
o
r
i
n
g
p
r
o
g
r
a
m
undertaken.
S
u
c
c
e
s
s
f
u
l
c
u
r
t
a
i
l
m
e
n
t
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
c
a
n
b
e
a
c
h
i
e
v
e
d
o
n
l
y
i
f
m
a
n
d
a
t
o
r
y
e
r
o
s
i
o
n
-
a
n
d
s
e
d
i
m
e
n
t
—
c
o
n
t
r
o
l
p
r
o
g
r
a
m
s
a
r
e
en
ac
te
d
by
al
l
le
ve
ls
of
st
at
e
go
ve
rn
me
nt
s.
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SUMMARY
OF
RELEVANT
ONGOING
OR
PROPOSED
RESEARCH,
DEMONSTRATION
OR
MONITORING
PROGRAMS
“.
1
O
n
g
o
i
n
g
R
e
s
e
a
r
c
h
There
is
a
wealth
of
ongoing
research
covering
many
aspects
of
pesticides
in
relation
to
water
quality.
Basic
research
is
pursued
vigorously
to
gain
better
insight
into
the
movement,
degradation,
and
metabolic
pathways
of
pesticides
in
soils
as
well
as
the
fate
and
behavior
of
pesticides
in
aquatic
systems.
Analytical
procedures
are
constantly
undergoing
modifications
and
improvements
in
order
to
better
identify
and
quantify
the
pesticide
residues
and
their
metabolites
in
the
environment.
No
attempt
is
made
to
list
all
the
projects
in
progress,
but
a
cross-section
of
the
diverse
research
activities
with
particular
reference
to
the
Great
Lakes
Basin
is
presented
in
Table
18.
The
assessment
and quantification of the
contribution
of agricultural
watersheds
by
runoff
to
the
pesticide
pollution
of
the
Great
Lakes
are
important aspects
of the projects
in progress
(Table 18).
In some projects,
movement of pesticides
from soils
to aquatic
systems
will be
evaluated by
systems analyses in an attempt to develop a mathematical model for pesticide
transport and runoff
from agricultural watersheds.
Monitoring and
surveil-
lance programs will continue
to provide
pesticide
levels
and rates of change
of pesticide
levels
in
tributary and
lake waters.
The USDA is continuing support of projects related to alternative
methods of pest control with the ultimate objective of minimizing residues
in the environment.
Alternative methods being pursued include biological
control, plant resistanCe, and integrated approaches. Additionally, better
pesticide management techniques, such as judicious methods of application and
use
of
safer
pesticides,
are
being
investigated.
4.2 Proposed Projects
Two proposed projects which may have significant impact on Great Lakes
water quality management follow (Table 19). These projects, including the
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Recent and current research on pesticides in
Great Lakes Basin
TABLE 18
th
e
Un
it
ed
St
at
es
wi
th
pa
rt
ic
ul
ar
re
fe
re
nc
e
to
th
e
 
Prom Title
Chemical and sediment movement from
agricultural land into Lake Erie
Evaluation of pesticide sources and
levels tributary to Lakes Michigan
and Superior
Pesticide inputs and levels in Minnesota
waters of the Lake Superior Basin
Pesticide novenant from cropland into
Lake his
Pesticide runoff in the Great Lakes
Basin
Quantification of pollutants in
agricultural runoff
Development of pesticide transport
and runoff model
Attenuation and runoff of pesticides
from agricultural lands to surface Haters
The study and use of soil parameters for
describing pesticide movement through
soils
Pesticide monitoring program — Lake
Michigan and tributaries - Illinois
Great Lakes pesticide monitoring
program, Indiana
ﬂouitorinx of pesticide levels in
the Great Lakes
Pesticide monitoring of aquatic environ-
ment. Michigan portion of the Great
Lakes Basin
Environmental implication of pesticide
usage
herbicide movement from application
sites and effects on non-target species
Pesticide mobility and degradation in
soil-Eater systems
Analytical methods for pesticides in
soil and water
Development of analytical chemical
methods for environmental and water
quality
Economic and social impact of adjust-
ment in use of pesticides
Head control practices to reduce
pollution
Chlorinated pasticidas'in the soil-water
plant systems and their management to
avoid pollution
Pesticide detoxication mechanisma of
licroorganians in soil and water
Ecoloty of pesticides in an aquatic
ecosystem
Distribution of organophosphorue
pesticide residues in natural waters
and sediments
llaek Creek study, Maumee River
leein. Allen County. Indiana
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c
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N
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c
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b
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v
e
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a
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i
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t
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i
o
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s
a
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d
a
g
e
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c
i
e
s
1
9
7
u
—
7
e
o
f
t
h
e
s
t
a
t
e
s
o
f
I
n
d
i
a
n
a
,
M
i
c
h
i
g
a
n
,
N
e
w
York,
Ohio
and
Wisconsin
and
o
f
t
h
e
C
a
n
a
d
i
a
n
F
e
d
e
r
a
l
G
o
v
e
r
n
m
e
n
t
and
Ontario
Provincial
Government
T
.
C
.
D
a
n
i
e
l
University
o
f
Wisconsin-Extension
197u—78
International
Joint
Commission
through
U.S.
EPA
a
n
d
t
h
e
G
o
v
e
r
n
m
e
n
t
s
o
f
Canada
and
Ontario
U
.
S
.
E
P
A
    
    
ongoing
research
in
Allen
County,
Indiana,
recognize
the
paramount
importance
of
a
multidisciplinary
and
multiagency
approach
to
achieving
solutions
to
water
pollution
problems
arising
from
non-point
sources.
The
major
objectives
of
the
IJC—Land
Use
Activities
Reference
Group
watersheds
study
are
to:
l.
investigate
the
effects
of
land
drainage
on
the
pollutional
input
to
the
Great
Lakes,
2.
develop
a
predictive
capacity
with
respect
to
the
sources,
forms
and
amounts
of
pollutants
reaching
the
Great
Lakes
Basin,
and
3.
develop
remedial
measures
for
maintaining
and
improving
water
quality
in
the
Great
Lakes.
The
overall
objectives
of
the
project
coordinated
by
the
Wisconsin
Board
of
Soil
and
Water
Conservation
Districts
and
the
University
of
Wisconsin
are
to:
1.
demonstrate
the
effectiveness
of
land
control
measures
in
improving
water
quality,
and
2.
devise
the
necessary
institutional
arrange—
ments
for
the
preparation3
acceptance,
adoption
and
implementation
of
a
sediment
control
ordinance
applicable
to
incorporated
and
unincorporated
areas
on
a
county—wide
basis.
Outputs
from
these
projects,
in
addition
to
answering
the
objectives,
will
aid
the
participating
U.S.
federal
and
state
and
Canadian
federal
and
provincial
governments
to
implement
portions
of
their
water quality laws.
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N
A
T
U
R
E
A
N
D
A
V
A
I
L
A
B
I
L
I
T
Y
O
F
T
E
C
H
N
O
L
O
G
Y
T
O
C
O
P
E
W
I
T
H
P
O
L
L
U
T
I
O
N
P
R
O
B
L
E
M
S
‘
T
e
c
h
n
o
l
o
g
i
c
a
l
c
o
m
p
e
t
e
n
c
e
i
s
a
v
a
i
l
a
b
l
e
t
o
m
i
n
i
m
i
z
e
p
e
s
t
i
c
i
d
e
c
o
n
t
a
m
i
n
a
—
t
i
o
n
o
f
s
o
i
l
a
n
d
w
a
t
e
r
,
r
e
d
u
c
e
p
e
s
t
i
c
i
d
e
t
r
a
n
s
p
o
r
t
t
o
a
q
u
a
t
i
c
e
n
v
i
r
o
n
m
e
n
t
s
,
a
n
d
i
m
p
r
o
v
e
d
e
t
e
c
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
.
H
o
w
e
v
e
r
,
s
u
c
c
e
s
s
o
f
a
p
a
r
-
t
i
c
u
l
a
r
t
e
c
h
n
o
l
o
g
y
m
a
y
b
e
l
i
m
i
t
e
d
b
y
t
h
e
l
a
c
k
o
f
m
a
n
d
a
t
o
r
y
r
e
g
u
l
a
t
i
o
n
s
t
o
i
m
p
l
e
m
e
n
t
i
t
,
s
u
c
h
a
s
i
s
t
h
e
c
a
s
e
w
i
t
h
e
r
o
s
i
o
n
a
n
d
r
u
n
o
f
f
c
o
n
t
r
o
l
p
r
o
g
r
a
m
s
.
I
t
i
s
i
m
p
o
r
t
a
n
t
t
o
m
i
n
i
m
i
z
e
s
o
i
l
p
e
s
t
i
c
i
d
e
r
e
s
i
d
u
e
s
s
i
n
c
e
t
h
e
m
a
g
n
i
t
u
d
e
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
o
f
a
q
u
a
t
i
c
e
c
o
s
y
s
t
e
m
s
i
s
r
e
l
a
t
e
d
d
i
r
e
c
t
l
y
t
o
t
h
e
a
m
o
u
n
t
s
p
r
e
s
e
n
t
i
n
s
o
i
l
s
.
T
h
i
s
i
s
b
e
s
t
d
o
n
e
b
y
r
e
d
u
c
i
n
g
d
o
s
a
g
e
t
h
r
o
u
g
h
p
r
o
p
e
r
a
p
p
l
i
c
a
t
i
o
n
m
e
t
h
o
d
s
.
D
r
i
f
t
l
o
s
s
d
o
e
s
n
o
t
o
n
l
y
i
n
c
r
e
a
s
e
t
h
e
a
m
o
u
n
t
o
f
c
o
m
p
o
u
n
d
a
p
p
l
i
e
d
b
u
t
a
l
s
o
c
o
n
t
a
m
i
n
a
t
e
s
n
o
n
t
a
r
g
e
t
a
r
e
a
s
a
d
j
a
c
e
n
t
t
o
a
p
p
l
i
—
c
a
t
i
o
n
s
i
t
e
s
.
A
e
r
i
a
l
s
p
r
a
y
i
n
g
d
u
r
i
n
g
f
a
v
o
r
a
b
l
e
w
e
a
t
h
e
r
c
o
n
d
i
t
i
o
n
s
s
h
o
u
l
d
I
b
e
c
O
m
e
a
r
u
l
e
o
f
t
h
u
m
b
f
o
r
a
p
p
l
i
c
a
t
o
r
s
.
O
t
h
e
r
m
e
a
n
s
o
f
r
e
d
u
c
i
n
g
b
u
i
l
d
-
u
p
i‘
o
f
r
e
s
i
d
u
e
s
i
n
t
h
e
s
o
i
l
i
n
v
o
l
v
e
t
h
e
e
m
p
l
o
y
m
e
n
t
o
f
a
l
t
e
r
n
a
t
i
v
e
m
e
t
h
o
d
s
o
f
‘
p
e
s
t
c
o
n
t
r
o
l
a
n
d
l
e
s
s
p
e
r
s
i
s
t
e
n
t
c
o
m
p
o
u
n
d
s
.
P
r
a
c
t
i
c
a
l
a
l
t
e
r
n
a
t
i
v
e
m
e
t
h
o
d
s
,
h
o
w
e
v
e
r
,
a
r
e
y
e
t
t
o
b
e
d
e
v
e
l
o
p
e
d
.
M
o
s
t
r
e
s
i
d
u
e
s
r
e
m
a
i
n
i
n
t
h
e
p
l
o
w
—
l
a
y
e
r
d
e
p
t
h
e
i
t
h
e
r
a
d
s
o
r
b
e
d
o
r
a
b
s
o
r
b
e
d
b
y
p
a
r
t
i
c
u
l
a
t
e
m
a
t
t
e
r
a
n
d
a
r
e
s
u
s
c
e
p
t
i
b
l
e
t
o
t
r
a
n
s
p
o
r
t
a
t
i
o
n
d
u
r
i
n
g
o
c
c
u
r
r
e
n
c
e
o
f
r
u
n
o
f
f
.
A
c
c
e
l
e
r
a
t
e
d
e
r
o
s
i
o
n
o
f
t
h
e
p
e
s
t
i
c
i
d
e
-
s
o
i
l
c
o
m
p
l
e
x
c
a
n
b
e
m
i
n
i
m
i
z
e
d
b
y
j
u
d
i
c
i
o
u
s
u
s
e
o
f
s
o
i
l
m
a
n
a
g
e
m
e
n
t
a
n
d
c
o
n
s
e
r
v
a
t
i
o
n
p
r
a
c
t
i
c
e
s
.
F
e
d
e
r
a
l
a
n
d
s
t
a
t
e
a
g
e
n
c
i
e
s
a
r
e
i
n
v
o
l
v
e
d
i
n
c
o
n
t
r
o
l
l
i
n
g
e
r
o
s
i
o
n
,
b
u
t
p
r
o
g
r
a
m
s
h
a
v
e
b
e
e
n
c
a
r
r
i
e
d
o
u
t
o
n
a
v
o
l
u
n
t
a
r
y
i
n
c
e
n
t
i
v
e
b
a
s
i
s
.
W
h
i
l
e
s
o
i
l
a
n
d
w
a
t
e
r
l
o
s
s
e
s
c
a
n
b
e
e
s
t
i
m
a
t
e
d
u
s
i
n
g
t
h
e
u
n
i
v
e
r
s
a
l
s
o
i
l
l
o
s
s
e
q
u
a
t
i
o
n
,
m
a
t
h
e
m
a
t
i
c
a
l
m
o
d
e
l
s
f
o
r
 
p
e
s
t
i
c
i
d
e
t
r
a
n
s
p
o
r
t
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
w
a
t
e
r
s
h
e
d
s
n
e
e
d
d
e
v
e
l
o
p
m
e
n
t
.
S
u
c
h
m
o
d
e
l
s
w
o
u
l
d
e
n
t
a
i
l
u
n
d
e
r
s
t
a
n
d
i
n
g
t
h
e
m
e
c
h
a
n
i
s
m
s
o
f
t
h
e
p
e
s
t
i
c
i
d
e
—
s
o
i
l
—
b
i
o
t
a
-
w
a
t
e
r
i
n
t
e
r
a
c
t
i
o
n
s
i
n
t
h
e
w
a
t
e
r
s
h
e
d
s
.
M
o
n
i
t
o
r
i
n
g
o
f
p
e
s
t
i
c
i
d
e
p
o
l
l
u
t
i
o
n
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
i
s
c
o
n
d
u
c
t
e
d
b
y
t
h
e
U
.
S
.
f
e
d
e
r
a
l
a
g
e
n
c
i
e
s
i
n
c
o
o
p
e
r
a
t
i
o
n
w
i
t
h
t
h
e
l
a
k
e
s
t
a
t
e
s
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
a
n
d
C
a
n
a
d
i
a
n
g
o
v
e
r
n
m
e
n
t
c
o
n
d
u
c
t
e
x
t
e
n
s
i
v
e
73
y
.
   
   
wa
te
r
qu
al
it
y
as
se
ss
me
nt
.
Mo
ni
to
ri
ng
ac
ti
vi
ti
es
ce
nt
er
mo
st
ly
on
th
e
aq
ua
ti
c
en
vi
ro
nm
en
t,
bu
t
li
tt
le
or
no
re
se
ar
ch
ac
ti
vi
ty
is
be
in
g
ce
nt
er
ed
on
re
si
du
e
de
te
ct
io
n
in
ag
ri
cu
lt
ur
al
so
il
s
an
d
in
th
e
at
mo
sp
he
re
ov
er
ly
in
g
th
e
Gr
ea
t
La
ke
s.
Ap
pa
re
nt
ly
,
de
ve
lo
pm
en
t
of
a
te
ch
ni
qu
e
to
me
as
ur
e
th
e
am
ou
nt
of
pe
st
ic
id
e
in
th
e
at
mo
sp
he
re
sh
ou
ld
be
on
e
im
po
rt
an
t
as
pe
ct
of
th
e
mo
ni
to
ri
ng
programs being undertaken.
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s
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s
b
e
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i
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t
e
d
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s
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m
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r
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o
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r
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o
f
r
e
s
i
d
u
e
s
a
n
d
/
o
r
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e
t
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b
o
l
i
t
e
s
.
T
h
i
s
s
u
s
p
i
c
i
o
n
i
s
b
a
s
e
d
l
a
r
g
e
l
y
o
n
t
h
e
f
a
c
t
t
h
a
t
t
h
e
m
a
j
o
r
p
o
r
t
i
o
n
o
f
p
e
s
t
i
c
i
d
e
u
s
a
g
e
o
c
c
u
r
s
in
c
r
o
p
p
r
o
d
u
c
t
i
o
n
.
I
t
b
e
c
o
m
e
s
i
m
p
e
r
a
t
i
v
e
,
t
h
e
r
e
f
o
r
e
,
t
o
a
s
s
e
s
s
t
h
e
c
o
n
t
r
i
b
u
t
i
o
n
o
f
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
s
t
o
t
h
e
t
o
t
a
l
p
e
s
t
i
c
i
d
e
l
o
a
d
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
a
s
s
o
c
i
a
t
e
d
t
r
i
b
u
t
a
r
y
r
i
ve
r
s
.
O
n
l
y
v
e
r
y
r
e
c
e
n
t
l
y
h
a
ve
t
h
e
r
e
b
e
e
n
a
t
t
e
m
p
t
s
m
a
d
e
to
i
d
e
n
t
i
f
y
c
l
e
a
r
l
y
the
s
o
u
r
c
e
s
o
f
p
o
l
l
u
t
a
n
t
i
n
p
ut
(
i
n
c
l
ud
i
n
g
p
e
s
t
i
c
i
d
e
s
)
to
the
G
r
e
a
t
L
a
k
e
s
t
h
r
o
u
g
h
i
n
t
e
g
r
a
t
e
d
m
u
l
t
i
d
i
s
c
i
p
l
i
n
a
r
y
a
n
d
m
u
l
t
i
a
g
e
n
c
y
a
p
p
r
o
a
c
h
e
s
u
s
i
n
g
l
a
r
g
e
watersheds,
as
indicated
in
Section
u.
These
research
and/or
demonstration
programs
will
take
at
least
5
to
10
years
to
be
realized
or
initiated
d
e
p
e
n
d
i
n
g
u
p
o
n
f
u
n
d
i
n
g
p
o
t
e
n
t
i
a
l
.
Specific
research
needs
are
as
follows
but
not
arranged
necessarily
in
a
n
y
o
r
d
e
r
o
f
p
r
i
o
r
i
t
y
.
a.
Pesticide
inputs
on
agricultural
lands.
This
involves
a
systematic
documentation
of
the
lands
and
amounts
of
pesticides
used,
category
of
crops
treated,
and
area
treated
for
each
crop
category.
b.
Pesticide
degradation
rates
and
fate
of
toxic
metabolites.
Little
information
is
available
on
the
fate
of
the
metabolites
of
persistent
pesti—
cides
in
soil
and
aquatic
systems.
Likewise,
information
about
the
degrada-
tion
of
newer
compounds‘
which
are
finding
increasing
use
due
to
the
restric—
tions
placed
on
the
persistent
pesticides,
is
needed
for
the
environmental
conditions
found
in
the
Great
Lakes
Basin.
Furthermore,
the
fate
and
toxicity
of
their
metabolites
need
elucidation.
c.
Transport
of
pesticides
from
agricultural
watersheds
to
the
Great
Lakes.
More
information
is
needed
on
thexnechanisms
of
pesticide
movement
from
varied
types
of
soils
and
cropping
pattterns
present
in
the
watersheds.
Inputs
of
pesticides
to
the
Great
Lakes
by
atmospheric
fallout
or
rainout
are often neglected
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Section 1
SUMMARY
1.1 Introduction
The land use category on Nutrients - Agricultural Land is
 
concerned with the nutrient contribution to the Great Lakes from
agricultural land. The nutrients of importance are phosphorus and
nitrogen, as algal growth is considered to be limited by one or the
other of these nutrients in most lakes. Phosphorus reduction has
been emphasized in municipal waste treatment. Consequently,
assessment of the phosphorus loading from agricultural land is of
particular importance. Relatedly, a need exists to determine the
availability of the information required to assess the problem.
1.2 Summary of Findings and Conclusions
The information on nutrient transport from agricultural lands was
evaluated to obtain estimates of nutrient input rates to the Great
Lakes per unit of land according to crop use category. Data based on
runoff from small field plots gave usable information on soluble
nutrient transport but overestimated total nutrient transport as a
large portion of the eroded soil would not reach the Great Lakes.
However, this data allowed comparison of various crop use categories.
The most reliable data for estimating nutrient transport to lakes was
based on streams draining primarily agricultural areas. However, this
data varied considerably among investigations and did not allow
evaluation of crop use categories. Based on streams draining
agricultural lands, the phosphorus loading was estimated to be about
0.4 kg per hectare (0.35 lb per acre) for total P and 5 kg per hectare
(4.5 lb per acre) for total N. For phosphorus, the estimated
contribution from agricultural land was about 20 percent of the total
phosphorus loading to the Great Lakes. Total nitrogen loadings for
the Great Lakes Were not available. Because of the range in the data
used, the above estimates may be inaccurate.
  
Within
the
range
of
available
data,
differences
in
transport
rates
for
soluble
nutrients
were
not
found
for
the
different
crop
use
categories.
Total
nutrient
transport
from
field
plots
was
related
to
crop
cover
and
corresponding
soil
erosion.
Estimated
nutrient
loadings
were
related
more
to
land
area
than
differences
in
input
rates
for
different crop categories.
The
area
devoted
to
agricultural
land
in
the
Great
Lakes
Basin
will
not
increase
appreciably
in
the
future.
Consequently,
any
increase
in
nutrient
transport
to
the
Great
Lakes
from
agricultural
land
will
apparently
result
only
if
more
intensive
agriculture
increases nutrient losses.
In this regard,
the effect of fertilization
is
important.
At
present,
quantitative
analysis
of
the effect
of
fertilizer use
on a basin—wide
basis
can not be made.
Research and demonstration projects are needed to more accurately
assess the problem and establish adequate control measures.
Monitoring
of representative agricultural drainage basins is needed to provide
quantitative information on nutrient transport as related to land use
and other important factors. Research is needed on the factors and
mechanisms controlling nutrient transport from agricultural lands,
especially for soluble nutrients, to determine the role of soil
properties, fertilizer use and other factors in controlling nutrient
concentrations in runoff. Transport in streams and rivers should be
evaluated to provide information on losses due to interaction with
stream sediments. The effects of particulate nutrients on the nutrient
status of lake surface waters should be determined to clarify the
importance of including particulate nutrient forms in lake nutrient
budgets. Demonstration projects are also needed to establish the
effectiveness of control measures, such as soil conservation and erosion
control programs, and the feasibility of implementing control policies
and programs.
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Section 2
SUPPORTING MATERIAL
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2.2 Scope of Study
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Information available to the present time was utilized, including
information on ongoing research when it could be obtained.
2.3 Study Procedure
Information on nutrient transport from agricultural land was
gathered and evaluated with the ultimate goal of providing information
on the contribution of agricultural lands to the nutrient loading of
the Great Lakes. An intensive survey of the scientific literature was
conducted. Reports from research and demonstration projects were
utilized. Letters were sent to individuals and organizations
throughout the country thought to have relevant information. These
letters requested publications and other information on the subject
under investigation. University and state experts were consulted.
Information on research in progress was obtained from Smithsonian
Science Information Exchange.
The various assumptions made are discussed in the appropriate
sections of the review. The assumption of general importance made
was that the only nutrients of importance regarding effects on the
Great Lakes were phosphorus and nitrogen.
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 Great Lakes. Phosphorus and/or nitrogen have been implicated as the
nutrients limiting algal growth in various lakes (Vollenweider, 1968).
In the Great Lakes, the major focus has been on phosphorus, due in
part to the greater possibility of phosphorus control. Various other
nutrients essential to plant growth are contained in agricultural
runoff, but there is little evidence that nutrients other than nitrogen
and phosphorus limit algal growth in lake waters.
Phosphorus and nitrogen occur in various chemical and physical
forms which affect their mobility in agricultural runoff. These
relationships are discussed in sections 3.5 and 3.6 of this review.
3.4 State-of-the-Art In Assessing and Quantifying Nutrient Loadings to
the Great Lakes from Agricultural Lands
3.4.1 Nutrient Contributions from Agricultural Landsl
The transport of nutrients from agricultural lands to the Great
Lakes could occur along innumerable pathways and could involve many
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from agricultural lands.
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3.4.1.1 Nutrient Losses by Seepage
Nutrient loss from agricultural lands by seepage through the
soil profile has been a topic of interest for several decades. The
majority of the earlier studies were conducted to evaluate alternative
agricultural practices, such as crop rotation, fertilizer usage,
plowing techniques, etc., and losses of nitrate nitrogen were studied
almost exclusively. In more recent years, emphasis has been placed on
evaluating the effects of agricultural practices on water quality, and
losses of phosphorus as well as nitrogen have been reported.
-7-
 
Two types of studies are reported in the literature which
describe the transport of nutrients by seepage through soils. These
involve the use of lysimeters or the analysis of waters which flow from
tile—drained croplands.
Lysimeters are constructed by surrounding a volume of earth on
the sides and bottom with an impermeable material. The enclosed soil
is more or less disturbed, depending on how it is placed in the enclosure.
The top is exposed to the elements, and drains are connected to the bottom,
so that all water percolating through the soil profile can be collected
and analyzed. Runoff and erosion are generally prevented by the design
of the unit. Surface areas of these units range from 0.1 to 10m2 (0.009
to 0.9 ftz), and it is reported that some units have been maintained
actively for periods as long as 35 years.
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Total - N Total — P
Range Mean Range Mean
Surface drains 2.8-27 (l6) 1.0—4.4 (2.5)
Subsurface drains 61—186 (103) 3.8—10 (7.7)
*
kg/ha/yr x 0.89 = lb/ac/yr
Studies in which nutrient losses from croplands by tile drainage
were compared to losses via surface runoff were also conducted in California
and Idaho.
Johnston, Ittihadich, Daum and Pillsbury (1965) analyzed tile
drainage effluent and surface runoff from irrigated land in the San
Joaquin Valley of California. Four 19 to 60 ha (47 to 148 ac) plots
growing cotton, alfalfa and rice were studied. The soils were heavy
silty clays, and tile depth averaged 190 cm (75 inches). Analyses were
made for total nitrogen and total phosphorus. No estimates were made as
to the quantity of nitrogen or phosphorus lost through deep percolation.
Nutrient loss Fertilizer applied
(kg/ha[xr)* (kg/ha/yr)*
Crop Total - N Total — P N _EL__
Cotton and rice 300 52
Tile drainage 110. 0.19
Surface runoff 11. 0.81
Cotton 220 36
Tile drainage 13. 0.05
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Analyses of seepage from uncultivated, unfertilized land
adjacent to the Neck Farm led to the conclusion that the high values
of nutrient loss were in part due to accretion from surrounding lands,
and that only a small part of the nitrogen and phosphorus added to the
Muck Farm reached the drainage water.
Losses of nitrogen as a function of fertilizer usage was also
studied by Broadbent and Chapman (l930). They grew veteh, clover and
mustard in lysineters at Riverside, California. The experiment covered
a 15~year period and the average water application (rainfall plus irrigation)
was 89 cm (39 inchesl.
 
Fertilizer N applied (kg/ha/yr)*
O 112 224
Nitrogen loss (kg/ha[yr)*
Crop:
Vetch 3O 79 100
Clover 39 63 91
Mustard 20 34 45
Average loss for all crops
and treatments: 56
 
*
kg/ha/yr x 0.89 = lb/aC/yr
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Nutrient loss (kg/ha/yr)*
  
NO3—N Total - N Total - P
Range Mean Range Mean Range Mean
Various crops
2.4-40
24
3.6—46
29
0.09-0.17
0.11
Fallow or crops
returned to soil 38-140 90
No crop:
Fertilized
40
44
0.20
No Fertilizer
30
34
0.14
*
kg/ha/yr x 0.89 = lb/ac/yr
Dreibelbis (1946) also found a correlation between nitrate
loss and fertilizer usage, but Hendrick and Welsh (1938) reprted no
significant differences in nitrate loss between fertilized and nonfertilized
plots in a ten-year study conducted in England.
A summary of the data giving nutrient losses from croplands by
seepage through the soil profile is given in Table 1.
Based on
considerations of nutrient pathways, data from lysimeter or subsurface
drainage studies are probably most applicable for estimating nutrient
loadings of lakes which receive irrigation return waters.
The data may
also be useful for estimating the flux of nutrients from croplands to
groundwater aquifers, but subsequent transport would be highly speculative
in most instances.
3.4.1.2 Nutrient Transport From Agricultural Lands In
Surface Runoff
A
separate
data
grouping
was
prepared
for
nutrient
losses
from
agricultural
lands by
surface runoff.
In studies
of
this
type,
samples
of
runoff
water,
including
suspended
matter,
are
collected
periodically
from
fields
or
experimental
plots.
Runoff
is
not
continuous,
but
occurs
only
when
excessive
water
is
applied
through
irrigation
or
rainfall.
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Table 1 Nutrient Export From Croplands by Seepage Through Soil Profile
Cro
p-—
stu
dy
N (kg/ha/yr)*
N03
P (kg/ha/yr)*
Dissolved
inorganic
Tot
al
References
Corn-—tile draina
ge, Lithuania
Corn-oats-hay rot
ation-lysimeter,
120 kg+ N/ha added
, New York
Corn—oats-hay rotation——lysimeter,
New York
Corn-oats—wheat-hay rotation-—
lysimeter, New York
Corn-lysimeter, Ohio
Corn—~tile drainage, Ontario
No fertilizer
Fertilizer added
Cotton—-tile drainage, 280 kg N/ha
added, California
Cotton-tile drainge, 220 kg N/ha
and 36 kg P/ha added, California
Cotton & rice-tile drainage,
300 kg N/ha and 52 kg P/ha added,
California
Rice-tile drainage, 94 kg N/ha
added, California
2.6
43.
2.4
5.4 with legumes
7.4 without legumes
1.9
0.20a
0.26a
0.05
0.19
0.60
Kinderis (1970)
Bizzell (1944)
Bizzell & Lyon (1928)
Dreibelbis (1946)
H
H H
Bolton §_ a1. (1970)
Meek 3; a1. (1969)
Johnston 3; a1. (1965)
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Table 1
(Continued)
Nutrient Export From Croplands by Seepage Through Soil Profile
N (kg/ha/yr)*
Crop-study
N03 NH4
P (kg/ha/yr)*
Dissolved
inorganicTotal
Total References
0ats-1ysimeter, England 2.5
Barley-1ysimeter, England
8.
Wheat——lysimeter, Ohio
3.
Hay-1ysimeter, England
9.
Timothy——1ysimeter,
140
kg N/ha
added, New York
12.
Alfalfa—-tile drainage,
California
A1fa1fa——tile drainage, Ontario
Alfalfa-lysimeter, Kentucky
11.
Lespedeza—~lysimeter, Kentucky
65.
Lespedeza & rye——lysimeter,
Kentucky
17.
Lespedeza & b1uegrass—-1ysimeter,
Kentucky
22.
Legumes—~tile drainage, Lithuania
1.5
Vetch——lysimeter, California
Clover-lysimeter, California
3.5
0.08
4.8
0.1
30.
39.
Hendrick & Welsh
(1938)
H
H
II
Dreibelbis
(1946)
Hendrick & Welsh
(1938)
Bizzell (1944)
Johnston et a1; (1965)
Bolton e; a1: (1970)
Karraker e;_ a1; (1950)
H
II
II
II
Kinderis (1970)
Broadbent & Chapman (1950)
II
II
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Table 1
(Continue
d) Nutr
ient E
xport
From C
roplan
ds by
Seepag
e Thro
ugh So
il Pro
file
Crop——study
N (kg/
ha/yr)
*
N03 NH4
P (kg/ha/yr)*
Dissolved
Total inorganic Total Refer
ences
Must
ard—
—lys
imet
er,
Cali
forn
ia
Grasse
s——lys
imeter
, New
York
Grasses——
tile drai
nage, Lit
huania
Grasses & wheat-—t
ile drainage,
Lith
uani
a
Bluegrass sod—-ti
le drainage,
Ont
ari
o
Meadow——lysimeter, Ohio
Pasture——lysimeter, England
Various crops—~ti1e drainage,
Idaho
Various crops——tile drainage,
Washington
Not stated-tile
drainge, Illinois
Not state
d—-tile d
rainage,
Michigan, Ferden Farm
Davis Farm
Muck
Farm
2.8
0.3
0.8
4.3
2.6
35
.
73.
18.
20.
0.3
100.
12.
8
.
19.
0.01
0.13
2.5
7.
7
Broadbent
& Chapman
(1950)
Bizzell &
Lyon (192
8)
Kinder
is (19
70)
Bolto
n 2;
a1:
(1970
)
Driebelbis (1946)
Hendrick & Welsh (1938)
Carter et_ a1, (1971)
Sylvester & Seabloom (1962)
Harmeson (1971)
Erickson & Ellis (1971)
n H H
H
II N
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 As was the case for seepage studies, most surface runoff
investigations were conducted to evaluate alternative farming practices,
such as plowing techniques, crop rotations and fertilizer applications,
from the standpoint of minimizing soil and nutrient losses from
croplands. Consequently, particulate material was intentionally
included in the samples, and particulate, along with dissolved, nutrients
were measured in most instances. Study areas were often quite small
and usually the areas were devoted to single crops. Fertilization and
plow
ing
were
gene
rall
y un
ifor
m wi
thin
a st
udy
area
, bu
t la
rge
diff
eren
ces
occurred between study areas.
Data from surface runoff studies are given in Table 2. The
data are grouped according to crop, but other factors, such as slope,
soil characteristics, farming practices, and antecedent soil moisture,
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Table 3 (
Continued
) Nutrient Transport From Agricultural Watersheds By Streams
N (kg/ha/yr)*
Location — comment N03 NH4 Total
P (kg/ha[yr)*
Dissolved
inorganic Total
Tot-N
Tot—P
References
Maine, rural areas, sparsely
1.9
populated, Stetso
n R, 74 km2
Wisconsin, average for 36 streams, 1.2
base flow only, 5.7—370 kmz
Ontario,
Grand R w
atershed,
3500
k1n2
Ontario, near Toronto
River
Area (kmz)
West Humber 130
3.2
(dairy farms)
Little Rouge 78
8.4
(mixed farms)
Antona
54
4.0
(mixed farms)
England
Arable land
13.
Permanent pasture
8 .
Wisconsin, tributaries to Lakes:
Monona
Waubesa
Kegonsa
t
\
~
o
N
0
|
\
o
+
o
~
u
w
o
¢
q
-
m
n
+
+
+
Prince Edward Island,
26 km2+ watershed, 28%
potato fields, remainder
in pasture & woodlot
0.04
0.10
0.07
0.21
0.35
0.17
48.
1
2
.
15.
24.
24.
Mackenthun_§§ a1. (1968)d
Minshall gt a1; (1969)
Missingham
(1967)d
Owen & Johnson (1966)
Neil, Johnson & Owen
(1967)
Owens
(1970)
Sawyer (1947)
Smith (1959)
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Nutrient Loads (kg/ha/day)*
Stetson Stream Mulligan Stream
_N_ _P_ _N__£’_
Winter 0.0029 0.0 No Flow
Spring 0.0086 0.00015 .00084 .00003
Sum
mer
0.0
083
0.0
001
2
No
Flo
w
Fall 0.0015 0.00018 .0013 .00005
*
kg/ha/day x 0.89 = lb/ac/day
Ann
ual
val
ues
wer
e c
omp
ute
d h
ere
by
mul
tip
lyi
ng
eac
h d
ail
y l
oad
per
sea
son
by 91.25 and summing.
-25-
 Phosphorus transport from a 3,500 km2 (1,350 milez) agricultural
watershed in Ontario (Grand River) was repoted by Missingham (1967).
.ﬁggth Total P (kg/ha/day)*
December 0.00014
January 0.00025
February 0.00021
Average 0.00020
*
kg/ha/day x 0.89 = lb/ac/day
An average value of 0.0002 kg/ha/day (0.00018 lb/ac/day) converts to 0.07
kg/ha/yr (0.062 lb/ac/yr) which is, most likely, an underestimate of the
amount of phosphorus transported annually from the basin.
Minshall, Nichols, and Witzel (1969) carried out a two—year
study to determine the amount of nutrients in base flow of southwestern
Wisconsin streams. Flow rates were determined for 36 streams with
drainage areas varying from 570 to 37,000 ha (1,410 to 91,430 ac).
Samples were collected, and flows were measured at times when no surface
runoff was entering the streams.
The area studied was 90% agricultural, with 40% in contour
strip—cropped farmland (corn, oats and alfalfa), 40% in pasture, and
10% woodland. Livestock enterprises were prevalent. Soils were
moderately and well-drained silt loams, and the mean annual precipitation
for the area was 83 cm (32.7 inches). An average of 9 kg/ha/yr (8 1b/ac/yr)
nitrogen was applied as manure or artificial fertilizers.
Nutrient Loss (kg/ha/yr)*
1966 1967
To_t-_P: _T___ot-N Elli
Hig
h
4.2
0.2
5
5.5
0.4
9
Low
0.4
0.0
1
0.5
0.0
3
We
ig
ht
ed
Av
er
ag
e
1.
1
0.
08
1.
4
0.
12
*
kg/ha/yr x 0.89 = lb/ac/yr
-26-
  
    
Zanoni (1970) conducted a study of the Menomonee River basin
in southeastern Wisconsin, and reported that an average of 1.18 kg/ha
(1.05 lb/ac/yr) of total soluble phosphorus was contributed annually to
Lake Michigan from land drainage in the watershed. The total watershed
contains 350 km2 (135 milez) of which 38% is agricultural, 43% is urban
and the remaining 19% is woodlots, parks and unproductive land. An
analysis of runoff from sub—basins in the watershed showed that urban
areas contributed 0.58 kg/ha/yr (0.52 lb/ac/yr). Drainage from the
remainder of the watershed, primarily rural lands, can be computed to
yield a contribution of 1.63 kg/ha/yr (1.45 lb/ac/yr).
3.4.2 Nutrient Loadings for the Great Lakes
Estimates have been made of the P loadings for the five Great Lakes
and of the N loadings for Lake Huron (Zar, 1972; Great Lakes Water
Quality Board, 1973). The greater emphasis on P than N in these estimates
apparently reflects the focus on P in regulatory programs planned or
implemented to reduce the input of nutrients into the Great Lakes (Zar,
1972; Great Lakes Water Quality Board, 1973).
The P loading for Lake Michigan was estimated by the Phosphorus
Technical Committee to the Lake Michigan Enforcement Conference (Zar, 1972).
These estimates are summarized in Table 4.
For direct and indirect point
sources of P discharge, the estimates were based on the assumptions of a
P concentration of 10 mg/l in the influent of sewage treatment plants, a
discharge to domestic waste water of 1.64 kg
(3.65 lb) of P per person per
year and 454 liters (120 gallons) per person per day,
orwere calculated
from actual effluent data where available.
Consequently,
the values
for point sources reflect mainly municipal rather than industrial wastes.
Direct point sources are wastes discharged directly into the lake, while
indirect
point sources
are wastes
discharged
into tributaries
to
the lake.
Diffuse sources estimates were based in part on soil erosion (0.5 kg P/metric
ton
(1 lb P/ton)
of
sediment
or 0.9 x 106 kg
P/yr
(2 x 106
1b P/yr
for
the
lake),
and on other
sources
(decaying
leaves
and
crop residues;
dissolved
nutrients
in
runoff).
Details
on
the
basis
for
estimates
of
the
latter
sources
were not given.
HOWever,
estimated total
input from
diffuse sources
-27-
 ranged
from
12.
to
30
kg/kmz/yr
(l
to
25
lb/mileZ/yr)
or
0.5
to
3.2
x
106
kg/yr (l to 7 x 106 lb/yr) basin wide.
Estimates
of
P
loadings
from
other
than
direct
point
sources
were
also made
based
on measurements
of P
concentrations and
flow for
tributaries
to
Lake Michigan during
1969.
The
total
input
from
tributaries and
direct
point
sources
(7,764 metric
tons/yr or
8,560
tons/yr)
is approximately
equal
to
the
total input
based on
estimates
(explained previously)
of
indirect
point
sources
and
diffuse
sources
(7,809 metric
tons/yr or
8,609
tons/yr).
The close agreement between the two estimates tends to support their
validity (Table 4).
The P loadings estimated for Lake Michigan (Table 4) indicate that
the contribution frdm diffuse sources (including agricultural lands) is
appreciable (about 25% of the total).
However, loadings for diffuse sources
are variable and more difficult to estimate than for point sources.
Furthermore, the specific contribution from agricultural lands was not
estimated.
In spite of these problems in assessment, it appears that the
P contribution from agricultural lands is significant and will increase
in proportion as the input from point sources is reduced on the basis of
the requirement that all municipalities achieve 80% reduction of total P
entering waste water treatment plants that discharge to Lake Michigan or
to one of its tributaries (Zar, 1972).
The P loading estimates for the five Great Lakes are shown in Table 5
according to the contributions from tributaries, industrial sources and
municipal sources. The values for municipal and industrial sources are
based on direct discharges into the lakes, while tributary loading include
diffuse sources (including agricultural lands) and point discharges along
the tributaries (EPA, 1972; Great Lakes Water Quality Board, l973)1.
1Data for nutrient budgets was taken from Section III-C, Water Quality
Conditions (Great Lakes Water Quality Board, 1973). Discrepancies
exist in some cases between these values and values in Section IV—C,
Eutrophication, of the same publication.
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 Tablma
4.
Phosphorus
Loadings
to
Lake
Michigan
(Zar;
1969)l
Scurce
Amount
metric
tons/year
(tons/year)
Direct
point
sources
1,771
(1,953)
Indirect
point
sources
55221
(4,654)
Sub—total
5,993
(6,607)
Diffuse
sources
1
,
8
1
6
(2,002)
Total
(Based
on
estimates
of
sources)
7,809
(8,609)
Tributaries
(1969)
5,993
(6,607)
Direct
municipal
and
industrial
sources
1
,
1
1
1
(1,953)
Total
(Based
on
measurement
of
tributary
inputs)
7,764
(8,560)
lEstimates
do
not
include
direct
atmospheric
fallout
and
precipita-
tion
and
combined
sewer
overflows.
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Table 5
.
Total Phosphorus Loadings to the Great Lakes From Tributaries,
Industrial and Municipal Sources
(Great Lakes Water Quality Board,
1973)
 
Superior
Michiganl
Huron
Erie
Ontario
 
Canada
metric tons/year
(670)
(130)
(105)
608
118
Tributaries
Industrial
Municipal
95
United States
980
Industrial
—
~
—
—
363
(400)
1,8142 (2,000)
2,164
(2,385)
7,800
(8,600)
Tributaries
(1,080)
5,986
(6,600)
Municipal
Input
from
other
Great
Lake(s)
-
—
nd
(nd)
1,143
77
0
"
)
885
231
q
(1,259)
(l)
(85)
(1,531)
(nd)
(4
1
(2,880)
(975)
(255)
(tons/year)
934
(1,030)
54
(60)
36
(40)
4,185
209
1,900
7,318
(4,615)
(230)
(
2
,
0
9
5
)
(8,070)
5
9,578
(10,560)
1,705
2
9
9
2,413
5,5056
(1,880)
(33
0)
(2,660)
(2,180)
(1,350)
(8,400)
(6,070)
2,164
(2,385)
7,800
(8,600)
Based
on
estimates
reported
by
Zar
(1972)
Includes
industrial
and municipal
sources
Lake
Superior,
including
St.
Mary's
River
Lake
Michigan
La
ke
Huron,
Lake
St.
Clair,
and
the
Detroit
River
r
-
l
e
ﬁ
’
l
-
H
O
r
—
4
(
’
3
r
‘
\
«
W
Lake
Erie,
including
the
Niagara
River
and
Welland
Canal
(4,110)
16,896
(18,630)
13,123 (14,470)
ﬂlLf
3‘
ﬁg;
l
1‘75;
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(
G
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t
L
a
k
e
s
W
a
t
e
r
Q
u
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t
y
B
o
a
r
d
,
1
9
7
3
)
_
 
Source
Amount
 
Canada
Tributaries
Industrial
Municipal
United States
Tributaries
Industrial
Municipal
Input from Lake
S
u
p
e
r
i
o
r
i
n
c
l
u
d
i
n
g
S
t
.
M
a
r
y
'
s
R
i
v
e
r
I
n
p
u
t
f
r
o
m
L
a
k
e
Michigan
metric tons/year
16870
us
181
17,051
nd
17,051
19,410
19,682
56,143
(tons/year)
(18600)
(us)
(200)
(18,800)
(18,800)
(21,400)
21 700)
( 2
(61,900)
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Estimates for the Great Lakes show that diffuse and indirect point
sources account for a major part of the P loadings. The proportion
of the total P loading contributed by tributaries ranges from about
77% for Lake Michigan to 28% for Lake Ontario. The lower proportions
for Ontario and Erie reflect the importance of contributions from the
preceding lake in the chain. While the estimatesfor the Great Lakes
show the importance of P contained in tributaries, these values do not
show the relative importance of diffuse sources (including agricultural
land) and point waste discharges along the tributaries. Municipal waste
discharges into tributaries likely account for a large part of the total
tributary load. More detailed information is needed to assess the
agricultural contribution.
Apparently, loadings of N to the Great Lakes have received considerably
less attention than estimates of P loadings. Estimates were reported
for the N loading to Lake Huron from the Canadian side by the Great Lakes
Water Quality Board (1973) as shown in Table 6. In contrast to the P
loading (about 60% from direct municipal and industrial sources for the
Canadian side), the N was estimated to arise almost completely from
tributary input and from Lakes Superior and Michigan.
3.4.3 Estimation of the Contribution of Agricultural.Lands to
the Nutrient Loading for the Great Lakes
Information on the amounts of nutrients transported from agricultural
lan
d i
n s
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sum
mar
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The
data
on
rates
of
nutrient
transport
in
surface
runoff
(section
3.4.1.2)
was
averaged
to
obtain
typical
nutrient
loading
rates
for
each
land
use
Category.
Values
were
estimated
for
inorganic
phosphate
in
solution
(soln
Pi),
total
phosphorus,
inorganic
nitrogen
(NH4—N+NO3-N)
in
solution
(soln
N)
and
total
nitrogen
(Tables
7
&
8).
Input
rates
were
obtained
by
averaging
the
data
for
each
land
use
category
(Table
11,
section
3.4.1.2).
Data
on
agricultural
land
use
was
taken
from
the
Great
Lakes
Basin
Framework
Study,
Appendix
13
(1971).
The
estimated
phosphorus
loading
to
the
Great
Lakes
from
agricultural
lands
was
1830
metric
tons/year
(2020
tons/year)
of
inorganic
P
in
solution
and
12,000
metric
tons/year
(13,300
tons/year)
for
total
P.
These
values
correspond
to
9
and
60
percent,
respectively,
of
the
total
P
loading
for
the
Great
Lakes
estimated
by
the
Great
Lakes
Water
Quality
Board
(1973)
and
shown
in
Table
5,
section
3.4.2.
Loadings
for
N
were
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m
e
t
r
i
c
tons/year
(30,600
tons/year)
for
inorganic
N
in
solution
and
399,000
metric
tons/year
(439,000
tons/year)
for
total
N.
As
discussed
below,
total
N
and
P
values
likely
are
overestimates,
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plots
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input
rates
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 Table 7.
Estimated Annual Loadings of Phosphorus to the Great
Lakes by Runoff from Crop Land (U.S. Region only)
    
 
Input Rate Annual Loadings
 
Crop Area Soln Pi Total P Soln Pi Total P
1,000 hectares kg/ha/yr metric tons/yr
(1,000 acres) (lb/ac/yr) (tons/yr)
Row Crops 3,949 0.21 1.62 829 6,400
(9,750) (0.19) (1.45) (914)» (7,050)
Close-Grown 1,458 0.13 0.47 190 685
Crops (3,600) (0.12) (0.42) (209) (755)
Pastures and 2,719 0.22 0.24 598 653
Meadows (6,715) (0.19) (0.21) (659) (720)
Orchards and 243 0.211 1.40 51 340
Vineyards (600) (0.19) (1.25) (56) (375)
Idle Crop 3,219 0.05 1.23 161 3,960
Land (7,947) (0.04) (1.10) (178) (4,370)
Total 11,588 1,829 12,038
(28,612) (2,017) (13,270)
lAssumed to be the same as
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orchards reflect data obtained from fallow soil and cultivated orchards,
respectively. This may not be typical of land in these categories in the
Great Lakes Basin.
As with P, input rates for inorganic N in solution were generally
similar for the different crop categories and were low compared to
total N. The rates for total N reflected the importance of soil erosion
on bare soil.
While data for runoff collected from small plcts provides information
related to agricultural crop cateogry, these data do not reflect the
processes, such as sedimentation, which occur during transport of the water
to the Great Lakes. On this basis, data on streams draining agricultural
lands probably provides a better measure of nutrient transported to lakes.
Even using stream data, the calculated total nutrient loadings will over—
estimate the available nutrient loadings (see Section 3.5).
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 Table 9. Estimated Annual Loadings of Nutrients to the Great
Lakes based on Stream data (U.S. Region Only)
Total Cropping Area = 11,588 x 103hectares
(28,612 x 103 acres)
 
Proportion of Loading
 
Nutrients Input Rate Annual Loadings to the Great Lakes
Tributary P Total P
kg/ha/yr metric tons/yr %
(lb/ac/yr) (tons/year)
Phosphorus
Dissolved 0.11 1,280 9 6
Inorganic P (0.10) (1,400)
Total P 0.36 4,170 29 21
(0.32) (4,590)
Nitrogen
Inorganic N 3.80 44,000
(3.39) (48,400)
Total N 4.90 56,800
(4.38) (62,500)
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Table 10. Comparison of Phosphorus Sources for Lake
Erie and Lake Ontario as Percent Contribution
 
Inputs Lake Erie1 Lake Ontario2
X
1 Direct Precipitation 5 -
Land Runoff 9
Ur
ba
n
4
Agricultural or Rural 15
Forest
Wastewater
Municipal 73 86
Industrial(Direct) 4 5
lWeibel, 1969. Excludes input from Lake Huron which was 12.6%
of the total input.
2EPA, 1971. Excludes input from Lake Erie.
_'3C§_
   
f
a
n
-
4
A
4
:
a
_
A
,
l
a
r
_
i
r
r
E
.
A
.
4
A
M
A
A
.
.
.
r
u
»
      
N03—N in the data used (Table 3). As with P, the total N loading rate
is considerably lower when based on stream data rather than on runoff
data. The total N loading from agricultural land of 56,800 metric tons/year
(62,500 tons/year) based on stream data is considered a more reliable
estimate than the value of 399,000 metric tons/year (439,000 tons/year)
based on runoff. Insufficient information is available on the total N
loading to the Great Lakes to compute the proportion arising from
agricultural lands.
The proportion of the P loading to the Great Lakes estimated to
originate from agricultural lands (21%) can be compared to estimates
obtained by others using different approaches. In the case of Lake
Michigan (see Table 4), it was estimated that about 23% of the total
loading was from diffuse sources. This would include urban runoff
and other non—point sources. Out of the total P loadings to Lake Erie,
about 14% was estimated to come from agricultural land, while 9% was
contributed to Lake Ontario by runoff which also included urban runoff
(Table 10).
In summary, agricultural land is estimated to contribute about 20
percent of the total P loading to the Great Lakes and about 30 percent
of that contributed by tributaries to the Great Lakes. This proportion
will increase as treatment of municipal wastes is accomplished. The
largest proportion likely arises from row crops, but appreciable amounts
originate from other crop cateogries. Within the present accuracy of
loading rates for different land use categories, the differences in loading
rates are primarily a function of the land areas in the respective
categories rather than differences in loading rates.
3.5 Mobility of N and P within Soil-Water, Ground Water and Surface
Water Systems.1
1The parts of this section dealing with P are based on the review by
Ryden 95 a1. (1973).
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3.5.1 Introduction
The transport of P and N from agricultural lands to surface waters
is a function of the physical and chemical factors controlling the
mobility of P and N in soils. An understanding of these factors is
essential to evaluating the extent of P and N transport in surface,
subsurface and ground water runoff as related to land use activities and
to developing management programs to minimize nutrient transport.
This section deals with the factors controlling P and N mobility
in soil-water systems. Quantitative aspects P and N transport in
runoff waters are considered in section 3.4.
3.5.2 Terminology
3.5.2.1 Hydrology and P and N Sources
"Watershed" (drainage basin, catchment area) —- A part of the
surface of the earth that is occupied by a drainage system, which consists
of a surface stream, or a body of standing (impounded) surface water,
together with all tributary surface streams and bodies of standing surface
water .
"Stremn'-- A general term for a body of flowing water. In
hydrology the term is usually appliedto the water flowing in a natural
channel.
"Stream flow" -- The discharge (of water) that occurs in a
natural channel.
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~tificial channels, e.g., storm sewers in urban areas ("urban runoff"),
:fore entering a stream or body of standing water.
"Subsurface runoff" (storm seepage) -— That part of precipitation
liCh infiltrates the surface soil and moves towards streams as ephemeral,
mallow, perched ground water above the main ground-water level. In many
gricultural areas subsurface runoff may be intercepted by artificial
rainage systems, e.g., tile drains, accelerating its movement to streams.
"Ground water runoff" (base runoff) -— That part of precipitation
hat has passed into the ground, has become ground water, and is subsequently
ischarged into a stream channel or lake as spring or seepage water.
In addition to runoff the other potential contributors to
:treams and standing waters are precipitation incident on the water
;urface and industrial and sewage effluents.
McCarty (1967) and Vollenﬁeider (1968) have made a useful division
)f sources of P to surface waters based on the ease of quantification.
£9335 sources enter at discrete and identifiable locations and are therefore
amenable to direct quantification and measurement of their impact on the
Major point sources include effluents from industrial
receiving water.
Diffuse sources may be defined as those which
and sewage—treatment plants.
at present can only be partially estimated on a quantitative basis and
which are probably only amenable to attenuation rather than elimination.
Diffuse sources require the most investigative attention.
Vollenweider
(1968) further divided diffuse sources into:
i) Natural sources such as eolian loading, and eroded material
from virgin lands, mountains and forests.
ii)
Artificial
or semi—artificial
sources which are
directly
related
to
human
activities
such
as
fertilizers,
eroded
soil materials
from agricultural
and urban
areas,
and
wastes
from
intensive
animal
rearing
operations.
The
loads
of
P
imparted
to
runoff
and
streams
from
natural
diffuse
sources
provide
a
datum
line
against
which
the
magniture
of
P
loads
from
artificial
sources
may
be
compared.
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 3.5.2.2 Forms of P and N
In natural systems, P occurs as the orthophosphate anion
(PO43_) which may exist in purely inorganic form (H2P04‘ and HPO42’) or
be incorporated into an organic species (organic P). Under certain
circumstances inorganic orthophosphate may exist as a poly— or condensed
phosphate. A secondary distinction is made between particulate and
dissolved forms of P, the split conventionally being made at 0.45 um.
Other terminology used is as follows:
"Total P" —— all forms of P in a runoff or stream sample
(dissolved and particulates in suspension) as measured by anacid-
oxidation treatment (e.g., acid ammonium persulfate).
"Dissolved inorganic P” —— P in the filtrate after 0.45 um
separation determined by an analytical procedure for inorganic
orthophosphate.
"Organic P" -- may be determined within the dissolved and
particulate fractions by the difference between the total P and
inorganic P.
In soils and waters, N occurs as the nitrate ion (N03), the
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,
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) m
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l c
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con
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5
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n
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,
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g
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m
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NO
3-
N
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e
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r
0.4
5
p m
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.
N0
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N
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s
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y
be
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pr
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d
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e
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e
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N.
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"Or
gan
ic
N"
— i
s d
ete
rmi
ned
as
the
NH4
—N
for
med
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Kje
lda
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dig
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the
dis
sol
ved
or
par
tic
ula
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fra
cti
on.
3.5
.3
Phy
sic
al
Fac
tor
s A
ffe
cti
ng
the
Mob
ili
ty
of
P a
nd
N
All
ter
res
tri
all
y—d
eri
ved
dif
fus
e s
our
ces
of
N a
nd
P a
re
ass
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ate
d
wit
h t
he
mov
eme
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of
wat
er
in
con
tac
t w
ith
a s
oli
d p
has
e.
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sol
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may
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tio
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y w
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res
pec
t t
o w
ate
r f
low,
or
may
mov
e i
n t
he
flo
w a
t s
ome
spe
ed
equ
al
to
or
less
tha
n t
he
flow
.
Pre
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tio
n d
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d
of
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sub
sur
fac
e o
r g
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nd
wat
er
run
off
is
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mar
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in
con
tac
t w
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a
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tio
nar
y s
oli
d p
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, n
ame
ly
the
soil
pro
fil
e a
nd,
in
the
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e o
f
gro
und
—wa
ter
runo
ff,
pos
sib
ly
the
bed
rock
.
Con
seq
uen
tly
, t
he
amo
unt
s
and
con
cen
tra
tio
ns
of
N a
nd
P c
arr
ied
in
sub
Sur
fac
e a
nd
gro
und
-wa
ter
runo
ff w
ill
be i
nflu
ence
d by
the
time
of c
onta
ct w
ith
any
comp
onen
t in
the
soil
prof
ile
capa
ble
of i
nter
acti
ng w
ith
N an
d P
diss
olve
d in
the
perc
olat
ing
wate
r an
d by
the
conc
entr
atio
ns o
f di
ssol
ved
N an
d P
that
the
soil
comp
onen
ts
main
tain
in t
he s
oil
solu
tion
. T
ime
of c
onta
ct b
etwe
en t
he p
erco
lati
ng
solution and any soil component will in turn depend on the rates of
infiltration and percolation into the soil.
Some of the theories developed to describe water movement in soils
can be applied to evaluate the potential loss of N and P from various
soil types as a result of subsurface runoff. Gardner (1965) developed
equations to describe the movement of nitrate in the soil profile due
to leaching. The chemical interactions that occur between dissolved
inorganic N and P and soil components (discussed later), when water
percolates through the soil, must be taken into consideration. Inclusion
of 3 terms in the equations developed by Gardner (1965) to describe the
relationships between N and P in particulate and aqueous phases is
therefore necessary. This could take the form of a linear adsorption
isotherms relevant to the concentrations of dissolved inorganicN and P
maintained in the solution of a particular soil. Biggar and Corey
(1969) have also reviewed the literature on infiltration and percolation
of water in agricultural soils as it pertains to nutrient movement.
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The movement of solid phase material in contact with natural
waters occurs
during surface runoff and in streams.
The amount of solid
material capable of entering surface runoff will depend on the intensity
of rainfall, physical and chemical attachment between various solid
components, and the amounts of energy of runoff waters (Guy, 1970). It
is the energy of surface runoff or stream water, however, that governs
the amounts of a specific size fraction of particulate materials which
will remain in suspension during water flow.
The primary source of particulate material to surface runoff and
streams is eroding soil (Guy and Ferguson, 1970), although in urban
areas with little ongoing development, particulates may be dominated
by specifically urban detrital material (e.g. street litter and dust)
and organics derived from urban vegetation.
The total on—site losses of soil due to sheet and rill erosion are
not necessarily delivered to streams. The amount of sediment that
travels from a point of erosion to another point in the watershed is termed
the sediment yield (Johnson and Moldenhauer, 1970). Consequently the
Universal Soil Loss Equation used to predict field soil losses on an
average annual basis (Wischmeier and Smith, 1965) must be corrected when
used to predict sediment loads in streams because deposition of
particulates may occur on the land surface as a result of slope variations
before surface runoff reaches a stream. It is for this reason that
estimates of soil loss in surface runoff from sites within a particular
watershed cannot be translated into total N and P losses through a
knowledge of the total N and P contents of the soil, if the N and P
losses are to be related to P enrichment of surface waters.
An
ass
oci
ate
d c
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hich
most
of t
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oil
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This
obse
rvat
ion
has
lead
to t
he c
once
pt o
f en
rich
ment
rati
os
(E.R
.),
whi
ch
for
P a
re
cal
cul
ate
d a
s t
he
rat
io
of
the
con
cen
tra
tio
n o
f P
in
the
part
icul
ate
phas
e of
surf
ace
runo
ff t
o th
e co
ncen
trat
ion
of P
in t
he s
ourc
e
of t
he p
arti
cula
te p
hase
. T
his
effe
ct w
as f
irst
cons
ider
ed b
y Ro
gers
(194
1) w
ho o
bser
ved
E.R.
valu
es o
f 1.
3 fo
r to
tal
P an
d 3.
3 fo
r "0
.002
N
H2804 extractable" P for a silt loam situated on a 20—25% slope. Other
values range from 1.5 to 3.1 for total P (Knoblauch gt .E1L, 1942;
Neal
, 19
44;
Stol
tenb
erg
and
Whit
e, 1
953)
, wh
erea
s Ma
ssey
and
Jack
son
(195
2)
observed values between 1.9 and 2.2 for "water-soluble plus pH extractable"
P for silt loams in Wisconsin. The selective nature of surface runoff
with respect to P is due to selective removal of fine soil particulates
as a result of the energy limitations of runoff and the fact that a large
percentage of total soil P is frequently associated with clay-sized material.
A high proportion of the total P in soils may be associated with the
clay—sized fraction (Scarseth and Chandler, 1938; Williams and Saunders,
1965; Syers £5 31;, 1969). Greater selectivity of fines and consequently
particulate P will occur as the energy of surface runoff decreases.
Stoltenberg and White (1953) observed that as precipitation disposed of
as surface runoff decreased from 7 cm/hr (2.75 inches/hr) to 0.025 cm/hr
(0.01 inches/hr), the clay content of eroded material from a soil with
a clay content of 16—18% increased from 25 to 60%. This had obvious
implications in relation to the nature of the sediment load carried by a
stream and the interactions of P between the solid and aqueous phases,
particularly during periods of surface runoff. It should bepointed out:
however, that although the P content of the sediment load may increase
as surface runoff diminishes, as may be predicted from the work of
Stoltenberg and White (1953), the total P load may not change, and could
decrease, due to lower sediment loads.
The particulate material carried in streams may be divided into
bed load and wash or suspended load. The bed load, which may also have
a contribution from existing stream sediment, is that which moves along
or close to the stream bed, whereas the wash load is maintained in the
flow by turbulence (Johnson and Moldenhauer, 1970). By inference from
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the selectivity of surface runoff for fine soil particulates, the wash
load will be high during surface runoff events. Furthermore, Johnson
and Moldenhauer (1970) suggest that the wash load travels at about the
same velocity as the water with which it is in contact. Consequently,
P assoicated with the clay— and silt-sized particulates constituting
the wash load will move between any two points in the stream profile at
the same speed as the ambient dissolved forms of P.
Increased turbulence in streams during high flow, or arising from
an increasing gradient, will tend to maintain in suspension particle
sizes more characteristic of the bed load, and may even resuspend existing
stream bed sediment. In a study of total P loads in the Pigeon River,
N.C., Keup (1968) noted that an increase in gradient from 2.81 to 4.35
m/km, over which no tributaries entered the main stream, resulted in a
90.8 kg/day (200 lb/day) increase in the total P load carried.
It appears that in the majority of cases a large proportion of
particulate N and P in streams arises from soil erosion. The N and P
may be stored in stream bed sediments, but unless the stream is actively
aggrading, the amount stored will be less than the inflow (Keup, 1968).
That which is Stored is liable to resuspension and transport due to
turbulence during periods of high flow.
3.5.4 Chemical Factors Affecting the Mobility of P
3.5.4.1 Nature of Soil P
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s
et
al
.,
19
72
).
Co
ns
eq
ue
nt
ly
,
th
re
e
ba
si
c
fo
rm
s
of
in
or
ga
ni
c
P
ma
y
ex
is
t
in
un
fe
rt
il
iz
ed
so
il
s
(S
ye
rs
an
d
Wa
lk
er
,
19
69
;
Wi
ll
ia
ms
an
d
Wa
lk
er
,
19
69
),
na
me
ly
ap
at
it
e,
wh
ic
h
is
a
di
sc
re
te
ph
as
e
P
co
mp
ou
nd
;
P
so
rb
ed
on
th
e
su
rf
ac
es
of
Fe
,
A1
an
d
Ca
so
il
co
mp
on
en
ts
(n
on
—o
cc
lu
de
d)
,
an
d
P
pr
es
en
t
wi
t
h
i
n
th
e
ma
tr
ic
es
of
Fe
an
d
A1
co
mp
on
en
ts
(o
cc
lu
de
d)
.
In
fe
rt
il
iz
ed
so
il
s,
a
v
a
r
i
e
t
y
of
P
f
e
r
t
i
l
i
ze
r
-
s
o
i
l
r
e
a
c
t
i
o
n
p
r
o
d
uc
t
s
m
a
y
e
xi
s
t
as
t
r
a
n
s
i
e
n
t
ph
as
es
.
As
th
e
s
o
l
ub
i
l
i
t
y
p
r
o
d
uc
t
of
p
ur
e
a
p
a
t
i
t
e
in
w
a
t
e
r
is
l
o
w
(
0
.
0
3
p
g
P
/
m
l
at
p
H
7,
S
t
um
m
,
19
64
)
a
n
d
t
h
e
P
h
e
l
d
w
i
t
h
i
n
t
h
e
m
a
t
r
i
c
e
s
o
f
F
e
a
n
d
A
l
c
o
m
p
o
n
e
n
t
s
v
i
r
t
u
a
l
l
y
c
h
e
m
i
c
a
l
l
y
i
m
m
o
b
i
l
e
,
e
x
c
e
p
t
u
n
d
e
r
r
e
d
u
c
i
n
g
c
o
n
d
i
t
i
o
n
s
i
n
t
h
e
c
a
s
e
o
f
Fe
,
m
a
j
o
r
e
m
p
h
a
s
i
s
s
h
o
u
l
d
b
e
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directed
towards
the
reactions
involving
P
in
solution
and
that
sorbed
on
the
surfaces
of
Fe,
A1
and
Ca
components
as
well
as
the
release
of
P
due
to
dissolution
of
fertilizer-soil
reaction
products.
Elucidation
of
the
composition
of
soil
organic
P
is
restricted
by
lack
of
extractants
capable
of
removing
organic
P
from
soils
in
a
relatively
unaltered
form
and
by
the
inadequacy
of
current
methods
for
mildly
degrading
extracted
organic
P—organic
matter
complexes.
Existing
data
indicate
that
most
of
the
organic
P
in
soils
is
associated,
in
an
ill-defined
manner,
with
the
humic
and
fulvic
acid
complex
of
soil
organic
matter
(Anderson,
1967).
Of
the
specific
forms
of
organic
P
that
have
been
identified
in
soils,
inositol
phosphates
are
present
in
largest
relative
amounts,
comprising
up
to
60%
of
the
total
organic
P
(Anderson,
1967;
Cosgrove,
1967;
McKercher,
1969).
Other
specific
organic
P
compounds
are
present
in
soil
in
much
lower
quantities:
nucleic
acids
account
for
5
to
10%,
and
other
phosphate
esters
such
as
phospholipids,
sugar
phosphates,
and
phosphoproteins
for
less
than
1
to
2%
(McKercher,
1969).
3.5.4.2
Sorption
of
Dissolved
P
by
Soils
The
sorption
of
dissolved
inorganic
P
by
soils
may
be
described
by
sorption
isotherms.
Numerous
workers
have
shown
that
sorption
may
be
described
by
some
of
the
adsorption
isotherms
developed
to
describe
gas
adsorption
by
solids
(Russell
and
Prescott,
1916;
Olsen
and
Watanabe,
1957;
Rennie
and
McKercher,
1959;
Syers
§£_
31;,
1
9
7
3
).
Similar
observations
have
been
made
for
the
sorption
of
inorganic
P
by
soil
components
such
as
kaolinite
and
s
h
o
r
t
-
r
a
n
g
e
—
o
r
d
e
r
Fe
a
n
d
A
l
oxides
and
hydrous
oxides
(Gastuche_g£
_§1;,
1963;
Muljadi
£
5
31;,
1966;
Kafkafi
st
.31;,
1967).
Although
these
studies
have
been
useful
in
describing
relationships
between
various
soils
and
soil
components
wi
t
h
respect
to
their
P
sorption
capacities,
they
have
provided
little
information
regarding
P
sorption
behavior
from
solutions
containing
the
low
dissolved
inorganic
P
concentrations
characteristic
of
most
soil-water
ecosystems,
largely
because
of
the
high
levels
of
added
P
used
(Ryden
3
5
a1.,
    
(1972b). Furthermore, Syers et 31; (1973) obtained two linear Langmuir
relationships which intersected at equilibrium P concentrations varying
from 1.5 to 3.2 pg P/ml in the equilibrium solution for three contrasting
soils; an observation whichprobably invalidates interpretations of P
sorption made from many previous studies were high levels of added P
were used.
The study of White and Beckett (1964), conducted at initial
dissolved inorganic P concentrations, comparable to those existing in
soil—water ecosystems, provides a useful basis for understanding the
inte
ract
ions
betw
een
aque
ous
and
part
icul
ate
phas
es o
f P
in r
unof
f an
d
stre
ams.
Whi
te
and
Bec
ket
t (
1964
) d
efi
ned
the
int
ers
ect
ion
of
the
P
sor
pti
on
iso
the
rm
and
the
abs
cis
sa,
the
"eq
uil
ibr
ium
pho
sph
ate
pot
ent
ial
"
(1/
2 p
Ca
+ s
zPO
A)
,
abb
rev
iat
ed
to
the
"eq
uil
ibr
ium
P
con
cen
tra
tio
n"
by
Tay
lor
and
Kun
ish
i (
197
1).
The
int
ers
ect
ion
is
equ
iva
len
t
to
the
ino
rga
nic
P c
onc
ent
rat
ion
in
the
amb
ien
t a
que
ous
pha
se
whe
n t
her
e
is
no
net
sor
pti
on
or
rel
eas
e
of
P,
i.e
.,
AP=
O.
Thi
s
is
a p
oin
t
of
ref
ere
nce
whi
ch
pro
vid
es
a p
red
ict
ive
est
ima
tio
n o
f
sor
pti
on
or
rel
eas
e
of
R s
hou
ld
the
P
co
nc
en
tr
at
io
n
in
so
lu
ti
on
cha
nge
.
Fur
th
er
mo
re
,
the
av
er
ag
e
sl
op
e
of
the
so
rp
ti
on
cur
ve
ove
r
a
gi
ve
n
fin
al
P
co
nc
en
tr
at
io
n
ran
ge
pr
ov
id
es
in
fo
rm
at
io
n
on
th
e
ab
il
it
y
of
th
e
so
il
to
ma
in
ta
in
th
e
P
co
nc
en
tr
at
io
n
of
th
e
eq
ui
li
br
iu
m
P
co
nc
en
tr
at
io
n.
Th
e
st
ee
pe
r
th
e
sl
op
e,
th
e
cl
os
er
wi
ll
th
e
fi
na
l
P
co
nc
en
tr
at
io
n
be
to
th
e
eq
ui
li
br
iu
m
P
co
nc
en
tr
at
io
n.
Th
e
sl
op
e
of
th
e
cu
rv
e,
al
th
ou
gh
no
t
re
la
te
d
to
to
ta
l
P
so
rb
ed
,
is
re
la
te
d
to
th
e
ex
te
nt
to
wh
ic
h
th
at
so
il
ma
y
so
rb
P
ov
er
th
e
co
nc
en
tr
at
io
n
ra
ng
e
co
ns
id
er
ed
.
Th
e
po
te
nt
ia
l
of
th
is
ap
pr
oa
ch
in
pr
ed
ic
ti
ng
th
e
ch
em
ic
al
mo
bi
li
ty
of
P
in
so
il
—w
at
er
ec
os
ys
te
ms
is
cl
ea
rl
y
ev
id
en
t
an
d
ha
s
be
en
us
ed
wi
th
re
ga
rd
to
st
re
am
s
by
Ta
yl
or
an
d
Ku
ni
sh
i
(1
97
1)
an
d
Ry
de
n_
gt
al
.
(1
97
2a
,
b)
fo
r
ru
ra
l
an
d
ur
ba
n
so
il
s,
re
sp
ec
ti
ve
ly
.
Th
e
de
so
rp
ti
on
of
so
rb
ed
P
is
no
t
as
si
mp
le
as
ma
y
be
in
fe
rr
ed
fr
om
th
e
so
rp
ti
on
-r
el
ea
se
re
la
ti
on
sh
ip
s
ob
ta
in
ed
by
Wh
it
e
an
d
Be
ck
et
t
(1
96
4)
.
In
fa
ct
ve
ry
fe
w
st
ud
ie
s
ha
ve
be
en
re
po
rt
ed
re
ga
rd
in
g
th
e
de
so
rp
ti
on
of
so
rb
ed
P.
Sy
er
s
er
a1
.
(1
97
0)
ob
se
rv
ed
th
at
,
fo
r
a
ra
ng
e
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of soils with widely differing P sorption properties, those which sorbed
the largest amounts of P desorbed the smallest percentages of that
sorbed during a subsequent desorption step. A similar relationship was
noted by Ryden gt al; (1972a). These studies, however, involved a
desorption step following sorption of P from solutions containing P
concentration in excess of those commonly found in soil-water ecosystems.
In studies involving the sorption of P by kaolinite from
solutions containing realistic inorganic P concentrations. Kafkafi_g£ .al;
(1967) observed that initially all the sorbed P was isotopically
exchangeable.
During a subsequent washing or desorption step, however,
a portion of the sorbed P became nonexchangeable, or "fixed", this
portion being dependent upon the amount of P sorbed, the number of
washings and the nature of the previous P sorption cycle.
P sorption
was represented by either one-step P sorption from a range of solutions
of different initial P concentration or by successive additions of small
amounts of dissolved inorganic P. Both these forms of P sorption, as
well as an effect analogous to washing, could
occur in soil-water
ecosystems.
Although the mechanisms involved in the retention of organic P
by soils have not been established fully, there is evidence that inositol
hexaphosphate,
and possibly other organic P compounds, are retained by
a precipitation rather than by a sorption reaction.
Nevertheless, removal
of dissolved organic P from solution appears to be a rapid process.
Pinck gt
a}; (1941) reported that many commonly occurring water-soluble
organic phosphates, e.g. salts of glycerophosphate, hexose diphosphate,
and nucleic acids, become non-extractable with water at almost the same
rate and as
completely as dissolved inorganic P.
The retention of
water-soluble organic P by sorption reactions may occur by at least
two basically
differentmechanisms
(Sommers 35
al;,
1972).
Goring and
Bartholomew
(1950) observed that removal of "free iron oxides" considerably
reduced the amount of fructose-l,
6—diphosphate sorbed by subsoil
material,
suggesting
that the
sorption of
organic
P may
occur
through
orthophosphate groups
by a similar mechanism to
that for
inorganic P.
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 It
is
pos
sib
le
tha
t o
rga
nic
P c
an
be
ret
ain
ed
by
int
era
cti
on
of
the
org
ani
c m
oie
ty
of
the
pho
sph
ate
est
er
wit
h
ino
rga
nic
soi
l
com
pon
ent
s.
For
exa
mpl
e,
nuc
lei
c a
cid
s
and
nuc
leo
tid
es
are
pro
ton
ate
d
at
a p
H 5
(Jo
rda
n,
195
5)
and
co
ul
d
co
ns
eq
ue
nt
ly
be
re
ta
in
ed
on
cla
y
su
rf
ac
es
by
di
sp
la
ce
me
nt
of
ex
ch
an
ge
ab
le
ca
ti
on
s.
Fu
rt
he
rm
or
e,
ph
ys
ic
al
so
rp
ti
on
,
al
so
th
ro
ug
h
th
e
or
ga
ni
c
po
rt
io
n
of
th
e
mo
le
cu
le
,
is
po
ss
ib
le
,
pa
rt
ic
ul
ar
ly
if
the
mo
le
cu
la
r
we
ig
ht
of
the
co
mp
0u
nd
is
hig
h,
as
Su
gg
es
te
d
by
Greenland (1965).
by
va
n
de
r
Wa
al
s
an
d
io
n-
di
po
le
fo
rc
es
.
In
su
ch
ca
se
s
re
te
nt
io
n
is
we
ak
an
d
is
ac
co
mp
li
sh
ed
Greaves and Wilson (1969) have
im
pl
ic
at
ed
ph
ys
ic
al
ad
so
rp
ti
on
in
th
e
re
te
nt
io
n
of
nu
cl
ei
c
ac
id
s
by
mo
nt
mo
ri
ll
on
it
e.
It
is
al
so
po
ss
ib
le
th
at
re
te
nt
io
n
oc
cu
rs
in
di
re
ct
ly
th
ro
ug
h
ot
he
r
so
il
or
ga
ni
c
co
mp
ou
nd
s
su
ch
as
fu
lv
ic
an
d
hu
mi
c
ac
id
s
af
te
r
in
te
ra
ct
io
n
of
or
ga
ni
c
ph
os
ph
at
es
wi
th
th
es
e
sp
ec
ie
s
(M
ar
ti
n,
19
64
).
Th
e
de
so
rp
ti
on
of
so
rb
ed
or
ga
ni
c
P
ha
s
no
t
be
en
ex
te
ns
iv
el
y
st
ud
ie
d.
Th
e
hy
po
th
es
is
th
at
in
or
ga
ni
c
P
ad
de
d
to
so
il
s
di
sp
la
ce
s
so
rb
ed
or
ga
ni
c
P
to
so
lu
ti
on
(L
at
te
re
ll
35
al
;,
19
71
)
wa
s
no
t
su
pp
or
te
d
by
th
e
da
ta
pr
es
en
te
d
by
Wi
er
an
d
Bl
ac
k
(1
96
8)
.
Al
th
ou
gh
or
ga
ni
c
P
ma
y
be
le
ac
he
d
fr
om
so
il
s,
it
ap
pe
ar
s
th
at
a
la
rg
e
pr
op
or
ti
on
of
th
at
re
mo
ve
d
ma
y
no
t
be
in
a
di
ss
ol
ve
d
fo
rm
.
Af
te
r
in
cu
ba
ti
ng
su
cr
os
e
wi
th
am
mo
ni
um
ni
tr
at
e
in
th
e
up
pe
r
po
rt
io
n
of
a
ca
lc
ar
eo
us
so
il
,
Ha
na
pe
l
at
al
.
(1
96
4)
fo
un
d
th
at
mo
st
of
th
e
or
ga
ni
c
P
re
mo
ve
d
by
le
ac
hi
ng
wa
s
pr
es
en
t
in
a
pa
rt
ic
ul
at
e
ra
th
er
th
an
a
di
ss
ol
ve
d
fo
rm
.
3.
5.
4.
3
Ch
em
ic
al
As
pe
ct
s
of
P
in
Su
bs
ur
fa
ce
an
d
Gr
ou
nd
—W
at
er
Runoff
Lo
ss
es
of
P
in
su
bs
ur
fa
ce
an
d
gr
ou
nd
-w
at
er
ru
no
ff
ha
ve
be
en
c
o
n
s
i
d
e
r
e
d
m
i
n
i
m
a
l
in
th
e
pa
st
,
bu
t
as
d
i
s
c
u
s
s
e
d
in
s
e
c
t
i
o
n
3.
4
su
ch
l
o
s
s
e
s
ca
n
a
m
o
un
t
to
a
s
i
g
n
i
f
i
c
a
n
t
p
r
o
p
o
r
t
i
o
n
of
lo
ss
es
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
,
a
n
d
p
o
s
s
i
b
l
y
a
m
a
j
o
r
p
r
o
p
o
r
t
i
o
n
f
r
o
m
f
o
r
e
s
t
l
a
n
d
s
.
T
h
e
s
u
p
p
o
s
i
t
i
o
n
t
h
a
t
P
l
o
s
s
e
s
i
n
s
u
b
s
u
r
f
a
c
e
a
n
d
g
r
o
u
n
d
-
w
a
t
e
r
r
u
n
o
f
f
a
r
e
l
o
w
p
r
o
b
a
b
l
y
s
t
e
m
s
f
r
o
m
t
h
e
c
o
n
c
e
p
t
of
P
i
m
m
o
b
i
l
i
t
y
b
a
s
e
d
on
th
e
P
s
o
r
p
t
i
o
n
p
r
o
p
e
r
t
i
e
s
of
so
il
s
u
s
i
n
g
a
d
d
e
d
i
n
o
r
g
a
n
i
c
P
c
o
n
c
e
n
t
r
a
t
i
o
n
s
f
a
r
i
n
e
x
c
e
s
s
o
f
t
h
o
s
e
n
o
r
m
a
l
l
y
p
r
e
s
e
n
t
i
n
t
h
e
s
o
i
l
s
o
l
u
t
i
o
n
.
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It
is
of
int
ere
st
to
not
e t
hat
man
y o
f t
he
rep
ort
ed
mea
n
con
cen
tra
tio
ns
of
dis
sol
ved
ino
rga
nic
P i
n s
ubs
urf
ace
run
off
are
wit
hin
the
ran
ge
of
val
ues
exp
ect
ed
to
be
mai
nta
ine
d i
n t
he
soi
l s
olu
tio
n.
Pie
rre
and
Par
ker
(19
27)
rep
ort
ed
val
ues
ran
gin
g f
rom
0.0
20
to
0.3
50
ug
P/m
l,
wit
h a
n a
ver
age
of
0.0
90
ug/
ml,
for
sev
era
l S
urf
ace
soi
ls
fro
m
the
sou
the
rn
and
mid
Wes
ter
n s
tat
es
of
the
USA
.
The
se
wor
ker
s a
lso
not
ed
tha
t d
iss
olv
ed
ino
rga
nic
P c
onc
ent
rat
ion
s c
oul
d b
e m
ain
tai
ned
at
a f
air
ly
con
sta
nt
leve
l.
Bar
ber
g£_
a1;
_(1
962
) r
epo
rte
d s
imi
lar
val
ues
for
the
upp
er
15
cm
(6 i
nche
s)
of
87
soi
ls
fro
m t
he m
idw
est
ern
USA,
wit
h a
n a
ver
age
of
0.1
80
Lg P
/ml;
the
fre
que
ncy
dis
tri
but
ion
of
the
val
ues
obt
ain
ed,
however, suggested a mode of between 0.040 and 0.060 ug P/ml.
As water percolates through the soil profile, there tends to
be a "chemical sieving" of dissolved inorganic P (Black, 1970). This
ari
ses
as
a r
esu
lt
of
the
sor
pti
on
of
ino
rga
nic
P b
y s
oil
com
pon
ent
s.
The
low
conc
entr
atio
ns o
f P
foun
d in
grou
nd-w
ater
runo
ff,
whic
h ha
s
experienced the maximum effects of deep percolation with concomitant
increase of contact with P-deficient particulates of the subsoil, are
undo
ubte
dly
a di
rect
resu
lt o
f th
e ch
emic
al s
ievi
ng e
ffec
t.
This
is
illu
stra
ted
by o
ther
data
pres
ente
d by
Barb
er 2
5 a
1;
(196
2).
For
the
same 87 soils mentioned previously, the average dissolved inorganic P
concentration at a depth of 46—61 cm (18 - 24 inches) was 0.089 pg/ml,
less than half that for the upper 0—15 cm (0 - 6 inches). A similar
effect is observed in reSults presented by Ryden st .31; (1972a) for the
P sorption properties of successive soil horizons of Miami silt loam.
The concentration of dissolved inorganic P in subsurface and
ground-water runoff will depend on the nature and amounts of P—retaining
components in the profile, the surface area exposed to percolating waters,
and the ease of percolation which affects the contact time of dissolved
inorganic P with the retaining components. In studies of P leaching through
columns of organic soils, in the laboratory, Larsen gt lglL (1958) observed
that P retention, measured by 32P autoradiographs, was closely correlated
with the total hydrous Fe and Al oxide ("sesquioxide") content. Similarly.
losses of P due to leaching through a deep silicious sandy soil were
-53..
  
demonstrated in W. Australia by Ozanne (1962). When 225 kg/ha (209 lb/ac)
of 32P—labelled superphosphate was broadcast during winter on a fallow
sandy soil, over 50% of the P had penetrated to more than 1 m (3 ft) below
the surface within 38 days, during which 230 mm (9 inches) rain had
fallen. Ozanne (1962) also demonstrated that the potentially large
losses of P to subsurface and ground-water runoff from sandy soil compared
to that from loamy soils were due to quantitative rather than qualitative
differences in P-retaining components.
Although major emphasis has been placed on P losses in surface
runo
ff,
it a
ppea
rs t
hat
loss
es o
f P
to s
ubsu
rfac
e an
d gr
ound
—wat
er r
unof
f,
alth
ough
of l
ittl
e si
gnif
ican
ce f
rom
an a
gric
ultu
ral
stan
dpoi
nt,
may
und
er
cer
tai
n c
ond
iti
ons
con
sti
tut
e a
sig
nif
ica
nt
loss
of
P f
rom
agr
icu
l-
tur
al
wat
ers
hed
s i
n t
erms
of
the
P e
nri
chm
ent
of
sur
fac
e w
ate
rs.
Los
ses
of
P t
o s
ubs
urf
ace
and
gro
und
—wa
ter
run
off
are
eve
n m
ore
dif
fic
ult
to
eva
lua
te
tha
n t
hos
e i
n s
urf
ace
run
off
and
dem
and
fur
the
r i
nve
sti
gat
ive
attention.
3.
5.
4.
4
Ch
em
ic
al
As
pe
ct
s
of
P
in
St
re
am
s
and
St
re
am
Bed
Sediments
As
di
sc
us
se
d
pr
ev
io
us
ly
,
su
rf
ac
e
run
of
f
fr
om
ag
ri
cu
lt
ur
al
la
nd
co
ns
ti
tu
te
s
a
he
te
ro
ge
ne
ou
s
an
d
re
la
ti
ve
ly
sh
or
t—
li
ve
d
sy
st
em
.
An
y
at
te
mp
t
to
co
ns
id
er
the
di
st
ri
bu
ti
on
an
d
ch
em
ic
al
mo
bi
li
ty
of
P b
et
we
en
so
li
d
an
d
aq
ue
ou
s
ph
as
es
be
fo
re
en
tr
y
in
to
th
e
re
ce
iv
in
g
st
re
am
wo
ul
d
be
po
in
tl
es
s
as
a
ne
w
an
d
mo
re
ho
mo
ge
ne
ou
s
sy
st
em
is
ra
pi
dl
y
es
ta
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me
wh
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en
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us
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mo
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se
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ne
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te
ra
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dr
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ge
pa
tt
er
ns
,
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r
su
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st
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ce
s
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s
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ne
l.
Co
ns
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ue
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P
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d
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d
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e
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c
P
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nc
en
tr
at
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st
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am
s
ha
s
be
en
su
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es
te
d
by
Ta
yl
or
(1
96
7)
an
d
Bi
gg
ar
an
d
Co
re
y
(1
96
9)
.
Wa
ng
an
d
Br
ab
ec
(1
96
9)
al
so
im
pl
ie
d
th
at
in
or
ga
ni
c
P
wa
s
so
rb
ed
by
su
sp
en
de
d
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particulate material from observations of dissolved inorganic P
concentrations in the Illinois River at Peoria Lake.
An evaluation of the possible effects of eroded soil materials
on the dissolved inorganic P concentrations of streams may be obtained
from P sorption studies (Taylor and Kunishi, 1971; Ryden gt 31;, 1972a, b).
It is essential, however, that conditions realistic of those existing
in streams are used if meaningful results are to be obtained (Ryden 25 a1;,
1972a). Widely differing interpretations can be made as solution:soil
ratios and initial P concentrations are changed from those conventionally
used in P sorption studies to those realistic in terms of the stream
environment. In an investigation of P sorption in a Miami silt loam
soil by Ryden £3 .31; (1972), the data suggested that inorganic P released
from the Al horizon, which contained a P fertilizer—soil reaction product,
would be largely resorbed by the noncalcareous Bl horizon and to some
extent by the calcareous 3C1 horizon, should the horizons erode together.
Sorption studies employing low initial added inorganic P concentrations
and a wide (400:1) solution:soil ratio indicated that the B1 horizon has
a much lower ability to remove dissolved inorganicP from solution than
expected, this being equal to or only slightly greater than that of the
3C1 horizons.
It was found (Ryden st ‘31:, 1972b) that the A1 and 3C1
mixtures were able to maintain lower dissolved inorganic P concentrations
than the Al and B1 mixtures.
The conditions used by Ryden_g£ _al; (1972a, b)
to predict the potential of eroding soils to modify the dissolved inorganic
P concentrations of streams gave results which were comparable to those
obtained in simulated stream systems using a solution:soil ratio of
lOOO:l.
This is equivalent to a sediment concentration of 1000 mg/l,
which lies well within the range of values cited by Guy and Ferguson
(1970) and Johnson and Moldenhauer (1970).
The P sorption studies reported by Taylor and Kunishi (1971)
and Ryden gt
3;; (19723, b) involved closed systems, i.e., soil in
contact with the same aqueous phase.
This may be justified on the grounds
that the wash load of a stream travels at the same velocity as the water
in which
it is
suspended
(Johnson
and Moldenhauer,
1970)
as discussed
previously.
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at
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ra
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d
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d
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at
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du
e
to
re
le
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e
of
P
fr
om
er
od
ed
su
rf
ac
e
so
il
;
ho
we
ve
r,
pr
ed
ic
ti
on
s
fr
om
th
e
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of
Ta
yl
or
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d
Ku
ni
sh
i
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e
ba
se
d
on
th
e
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ra
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d
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se
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c
P
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and Kunishi, 1971).
It
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im
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an
t
to
di
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h
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n
th
e
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an
ti
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es
of
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ri
ou
s
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s
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il
ma
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ri
al
s
ex
pe
ct
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en
te
r
st
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n
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ag
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.
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e
ru
no
ff
wi
ll
ca
rr
y
pr
im
ar
il
y
Su
rf
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re
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l
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at
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.
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c
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os
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os
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at
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ad
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h
i
(1
97
1)
a
n
d
R
y
d
e
n
g
t
a
l
;
(
1
9
7
2
a
,
b)
c
o
u
l
d
b
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One
dif
fus
e
sou
rce
of
con
sid
era
ble
imp
ort
anc
e
is
the
lea
cha
te
fro
m
lea
ves
,
par
tic
ula
rly
dur
ing
the
aut
umn
.
An
app
rec
iab
le
per
cen
tag
e
of
the
tot
al
P
in
lea
f
tis
sue
may
be
in
a w
ate
r—s
olu
ble
for
m.
Ash
lea
ves
may
con
tai
n 6
1.5
% o
f t
ota
l P
as
wat
er—
sol
ubl
e i
nor
gai
c P
(Ny
kvi
st,
195
9).
Cow
en
and
Lee
(19
72)
obs
erv
ed
tha
t
44
and
120
pg
sol
ubl
e
ino
rga
nic
P p
er
g a
ir—
dry
wei
ght
of
fal
len
oak
and
pop
lar
lea
ves
,
res
pec
tiv
ely
,
cou
ld
be
lea
che
d
by
1 l
ite
r
of
dis
til
led
wat
er
per
col
ati
ng
at
a r
ate
of
8.4
ml/
min
.
Gre
ate
r
amO
unt
s
of
P w
ere
rel
eas
ed
fro
m o
ak
lea
ves
dur
ing
con
sec
uti
ve
lea
chi
ng
cyc
les
,
and
aft
er
fra
gme
nta
tio
n
of
who
le
lea
ves
.
Sim
ila
r
exp
eri
men
ts
wer
e
con
duc
ted
by
Tim
mon
s £
5
.31
;
(19
70)
usi
ng
agr
icu
ltu
ral
cro
p r
esi
due
s.
The
se
wer
e
lea
che
d
in
a f
res
h c
ond
iti
on
and
aft
er
dyr
ing
, a
nd
fre
ezi
ng
and
tha
win
g c
ycl
es.
The
dat
a s
ugg
est
tha
t t
he
lea
chi
ng
of
cro
p r
esi
due
s i
s m
ost
lik
ely
to
con
tri
but
e t
o t
he
dis
sol
ved
ino
rga
nic
P c
onc
ent
rat
ion
of
str
eam
s d
uri
ng
spr
ing
tha
w w
hen
,
aft
er
num
ero
us
fre
ezi
ng
and
tha
win
g c
ycl
es,
the
res
idu
es
wil
l b
e c
arr
ied
ove
r f
roz
en
gro
und
in
sur
fac
e r
uno
ff.
Whe
n g
rea
ter
inf
ilt
rat
ion
can
occ
ur,
a p
ort
ion
of
the
lea
che
d P
may
be
ret
ain
ed
in
the
soi
l d
ue
to
sorption.
Lit
tle
is
kno
wn
of
the
che
mis
try
of
str
eam
—be
d
sed
ime
nt
alt
hou
gh
it
is
con
cei
vab
le
tha
t i
t i
s s
imi
lar
to
tha
t o
f t
he
sub
soi
l o
f t
he
sur
rou
ndi
ng
are
a (
Tayl
or
and
Kuni
shi
, 1
971)
.
Con
seq
uen
tly
, P
sor
pti
on
stu
die
s u
sin
g s
ubs
oil
mat
eri
al
may
pro
vid
e s
ome
inf
orm
ati
on
on
the
rol
e
of
str
eam
—be
d s
edi
men
t i
n r
egu
lat
ing
the
dis
sol
ved
ino
rga
nic
P c
onc
ent
rat
ion
due
to
its
sus
pen
sio
n d
uri
ng
tur
bul
enc
e.
Thi
s w
oul
d b
e p
art
icu
lar
ly
tru
e
in w
ate
rsh
eds
, w
ith
lit
tle
con
tri
but
ion
to
str
eam
-be
d s
edi
men
t a
s a
res
ult
of
sur
fac
e r
uno
ff.
In
wat
ers
hed
s w
her
e s
urf
ace
run
off
is
a r
egu
lar
occ
urr
enc
e,
how
eve
r,
str
eam
-be
d s
edi
men
t i
s e
xpe
cte
d t
o h
ave
a s
ign
ifi
can
t c
ont
rib
uti
on
fro
m s
urf
ace
hor
izo
n s
oil
mat
eri
al,
and
the
lat
ter
cou
ld
con
tri
but
e t
o
base flow concentration of inorganic P.
Car
e s
hou
ld
be
tak
en,
how
eve
r,
in
the
ext
ens
ion
of
the
P s
orp
tio
n
prop
erti
es o
f fi
eld
soil
s to
stre
am-b
ed s
edim
ent.
Hsu
(196
4) o
bser
ved
that
the
amo
unt
of
ino
rga
nic
P s
orb
ed
by
soil
aft
er
sto
rag
e f
or
1 y
ear
in a continuously wet condition, increased from 69 to 99 pg P/g soil.
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re
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at
io
n
of
Ka
fk
af
i
gt
a
}
;
(1
96
7)
th
at
th
e
wa
sh
in
g
of
ka
ol
in
it
e,
on
wh
ic
h
P
ha
d
be
en
so
rb
ed
,
pr
od
uc
es
a
"p
oo
l"
of
no
ne
xc
ha
ng
ea
bl
e
P
is
al
so
of
di
re
ct
re
le
va
nc
e
to
th
e
dy
na
mi
cs
of
P
in
st
re
am
-b
ed
se
di
me
nt
s,
as
su
mi
ng
a
si
mi
la
r
ef
fe
ct
oc
cu
rs
.
St
re
am
—b
ed
sa
di
me
nt
wi
th
as
so
ci
at
ed
so
rb
ed
P
co
ul
d
un
de
rg
o
a
se
ri
es
of
st
ep
s
eq
ui
va
le
nt
to
se
qu
en
ti
al
wa
sh
in
g
du
e
to
re
su
sp
en
si
on
an
d
se
tt
li
ng
as
a
re
su
lt
of
mi
no
r
tu
rb
ul
en
ce
.
Th
e
ob
se
rv
at
io
ns
of
Ka
fk
af
i
e
t
‘3
1;
(1
96
7)
su
gg
es
t
th
at
so
rb
ed
P
co
ul
d
be
co
me
p
r
o
g
r
e
s
s
i
v
e
l
y
le
ss
e
x
c
h
a
n
g
e
a
b
l
e
an
d
m
a
y
c
o
n
s
t
i
t
u
t
e
an
e
s
s
e
n
t
i
a
l
l
y
p
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f
r
o
m
st
re
am
s.
W
h
e
n
s
t
r
e
a
m
—
b
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r
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i
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i
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c
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r
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C
l
i
n
i
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l
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i
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r
k
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t
h
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r
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u
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h
e
d
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p
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b
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i
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p
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r
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c
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n
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p
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c
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b
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r
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t
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of total P discharged by streams does not provide any indication of the
amounts of P available for aquatic plant growth. Consequently, the
form
s of
P me
asur
ed i
n st
ream
s th
at e
nter
a la
ke o
r re
serv
oir
are
of
direct importance in assessing the impact of runoff—and stream—derived
P on a body of standing water. Dissolved inorganic P is one of the
obvious choicesbecause this form of P is directly available for
biological utilization. Objections to the measurement of dissolved
inorganic P, as is conventionally determined, have been raised by Frink
(1971) on the basis that distinction between dissolved and particulate
forms is based on filtration through a 0.45 1m filter. Although it is
possible that filtration does not strictly differentiate between dissolved
and particulate P, it provides a more realistic measure in terms of the
effects of runoff—and stream-derived P on the biological productivity of
standing waters than the measurement of total P.
Vollenweider (1968) has also pointed out the necessity of
distinguishing between total P and dissolved forms of P because it is
possible that P exports from some watersheds occur mainly in biologically
unavailable forms, Such as apatite. He notes that P exports from the
Alpine portion of the Rhine Basin amount to 1.45 kg/ha/yr (1.29 lbs/ac/yr).
As this is mainly in the form of apatite, however, the contribution of
biologically available P to Lake Constance is relatively small. In other
regions it appears that a high proportion of particulate inorganic P in
streams draining urban and rural watersheds may in fact be apatite. Eroding
urban soils in the Lake Mendota watershed, Wisconsin, contain between 6
and 80% of the total inorganic P as apatite, with amounts exceeding 50%
in the lower B and C horizons (Ryden and Syers, unpublished data). For
the same soil materials, Sagher and Harris (1972) observed that algal
cultures suffered P starvation when the sole P source in the growth
medium was C horizon material, indicating the very low biological
availability of the P present in apatite.
Chemical fractionation schemes have beenused to determine the
forms of inorganic P in soils. These schemes evolved from the observations
of Chang and Jackson (1957) that certain chemical reagents were able to
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3.5.5.1 Nature of Soil N
Mo
st
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the
N
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il
s
(pe
rha
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mo
re
th
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95%
of
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to
ta
l
N)
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bo
un
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or
ga
ni
c
fo
rm
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ig
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r
an
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re
y,
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69
;
Ba
rt
ho
lo
me
w
an
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k;
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56
;
Ke
en
ey
,
19
70
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Th
e
or
ga
ni
c
N
co
ns
is
ts
of
th
e
bi
ol
og
ic
al
ly
im
po
rt
an
t
ni
tr
og
en
ou
s
co
mp
ou
nd
s
(e.
g.
pr
ot
ei
ns
)
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d
N
co
nt
ai
ne
d
in
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mi
c
ma
tt
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Am
in
o
ac
id
N
(i
nc
lu
di
ng
pr
ot
ei
ns
)
ac
co
un
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for
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50%
of
the
or
ga
ni
c
N.
Ab
ou
t
4
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10%
of
the
or
ga
ni
c
N
oc
cu
rs
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am
in
o
sug
ars
.
A
wi
de
ra
ng
e
of
ot
he
r
na
tu
ra
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y
oc
cu
rr
in
g
co
mp
ou
nd
s
ha
ve
be
en
fou
nd,
bu
t
th
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e
co
mp
ou
nd
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co
un
t
for
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ly
ab
ou
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1
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of
the
to
ta
l
or
ga
ni
c
N.
Co
ns
eq
ue
nt
ly
,
ab
ou
t
on
e-
ha
lf
of
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or
ga
ni
c
N
ca
n
no
t
be
ac
co
un
te
d
for
in
kno
wn
bio
log
ica
l c
omp
oun
ds.
App
are
ntl
y,
dur
ing
che
mic
al
and
mic
rob
ial
tra
nsf
orm
ati
ons
of
soi
l o
rga
nic
mat
ter
,
mic
rob
ial
ly
syn
the
siz
ed
pro
duc
ts
are
con
ver
ted
to
mor
e s
tab
le
hum
ic
for
ms,
inc
lud
ing
hum
ic
and
fulvic acids.
The
mai
n f
orm
s
of
ino
rga
nic
N i
n
soi
ls
are
NH4
+
and
N03
—,
bot
h
of
whi
ch
are
ava
ila
ble
to
pla
nts
.
Sma
ll
amo
unt
s o
f N
02“
are
som
eti
mes
pre
sen
t.
The
N03
-
ion
sho
ws
lit
tle
ten
den
cy
for
sor
pti
on
ont
o s
oil
par
tic
les
whi
le
N114
+ i
s h
eld
as
an
exc
han
gea
ble
ion
on
soi
l c
ati
on
exc
han
ge
sit
es.
Soi
ls
als
o r
eta
in
som
e N
H4+
wit
hin
cla
y l
att
ice
s.
Thi
s
cla
y-f
ixe
d N
H4+
is
rel
ati
vel
y u
nav
ail
abl
e t
o p
lan
ts
and
mic
roo
rga
nis
ms.
The
amo
unt
s
of
NH4
—N
and
N03
-N
pre
sen
t
in
a s
oil
at
a g
ive
n
tim
e g
ene
ral
ly
rep
res
ent
les
s t
han
0.1
% o
f
the
N i
n
the
soi
l.
How
eve
r,
org
ani
c
N
is
con
ver
ted
slo
wly
to
NH4
-N
and
sub
seq
uen
tly
to
N03
-N
thr
oug
h m
icr
obi
al
proces SES .
3.
5.
5.
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Tr
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d
Mo
bi
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ty
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il
N1
The
pre
dom
ina
nt
sto
rag
e
res
erv
oir
of
N
in
soi
ls
is
the
org
ani
c
mat
ter
.
Add
ed
pla
nt
and
ani
mal
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ris
are
att
ack
ed
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dil
y b
y h
ete
rot
rop
hic
mic
roo
rga
nis
ms
wit
h s
ome
of
the
N b
ein
g a
dde
d t
o t
he
org
ani
c m
att
er
1Based on the review of Keeney (1970).
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at
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c
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.
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c
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e
hi
gh
pH
—f
re
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area
arou
nd u
rea
or a
nhyd
rous
ammo
nia
fert
iliz
er b
ands
givi
ng r
ise
to
phy
tot
oxi
c N
Oz'
acc
umu
lat
ion
in
some
alk
ali
ne
soil
s f
oll
owi
ng
N
fertilization.
The
sal
ts
of
NO3
' a
re
wat
er
sol
ubl
e a
nd
nit
rat
e d
oes
not
rea
ct
to a
ny g
reat
exte
nt c
hemi
call
y or
phys
ical
ly w
ith
soil
cons
titu
ents
to
form
inso
lubl
e pr
oduc
ts.
As a
resu
lt,
N03"
in s
oils
is r
eadi
ly a
vail
able
for
plan
t up
take
or l
oss
to g
roun
d wa
ters
by l
each
ing.
It i
s th
is u
niqu
e
prop
erty
of N
O3',
coup
led
with
its
toxi
colo
gica
l an
d nu
trie
nt p
rope
rtie
s,
that make it of such concern.
The process of denitrification (reduction of N03" or N02-
to elemental N and N oxides) provides the major pathway whereby N
is cycled back into the atmosphere. Denitrification can occur by two
distinct pathways. Biological denitrification occurs when oxygen
tensions reach very low levels (through flooding of soils and utilization
of oxygen by decomposition of organic matter) and the heterotrophic
microorganisms must utilize other electron acceptors. With few exceptions,
carbonaceous material must be present to provide sufficient energy
(Broadbent and Clark, 1965). In acid soils and waters, N02‘ is extremely
unstable and decomposes to yield N03” and gaseous N oxides, or reacts
with soil constituents with the fixation of N in organic matter and
formation of N oxides (Bremner and Nelson, 1968; Brodbent and Clark, 1965).
These latter reactions have been termed "chemo denitrification" as they
do not involve microbial transformations directly and can occur in
arable soils. The importance of denitrification reactions in soils and
waters cannot be overstated, and these complex and poorly understood
reactions must be evaluated to enable recommendations to be made on methods
of biological N03 removal from soils and waters as well as N fertilizer
rates.
A point worthy of emphasis in the N cycle is that once N enters
the soils from any source, its identity is lost because of the complex
series of transformations it may undergo. Thus, investigations which
attempt to pinpoint sources of N03" polluting water supplies are
particularly difficult and, unless properly conducted, subject to many
errors (Keeney, 1970).
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3.5.5.3 N in Surface Runoff, Streams, and Stream Bed Sediments
Surface runoff occurs whenever the rate of precipitation
exceeds the rate of infiltration (Keeney and Walsh, 1972). Soil
texture, slope, moisture content, physical character of the surface,
soil and water conservation practices, and vegetative cover affect the
infiltration rate. Infiltration is usually quite rapid with coarse-
textured sandy soils and with well—aggregated, fine-texturedsoils
having large pores and no impervious Subsoil layers. The energy
associated with the impact of falling raindrops is an important factor
in the breakdown of soil aggregates, increasing runoff. Any cover,
vegetative or mulch, that absorbs raindrop impact tends to protect the
soil structure at the surface and thus promote infiltration.
The high water solubility of N03- and NH4+ tends to favor
movement of these ions into the soil before runoff occurs (Bailey, 1968;
Armstrong and Rohlich, 1970; Biggar and Corey, 1969). Under some
conditions, the concentrations of NO3-N and NH4—N in runoff may be
lower than that in rain water. However, Timmons 25' 31; (1970) noted
that leaching of soluble nutrients from cover crops could contribute
substantial concentrations of N and P to surface runoff. Furthermore,
data on N concentrations in streams receiving runoff from agricultural
areas shows that appreciable amounts of N may be transported in surface
runoff (See Section III-4). For example, Jaworski gt 1&1; (1969)
observed N03-N concentrations as high as 3 mg/l and frequently near
1 mg/l for Catoctin Creek, Md., a stream draining a predominantly
agricultural area. In basins containing large areas of agricultural
lands. The nutrient contributions to the receiving water may be
appreciable even though the amount per unit of land area (kg/ha) is small.
Dissolved and particulate N compounds in runoff are potential
sources of N to streams and lakes. Due to rapid nitrification in
aerobic systems, concentrations of NH4-N in streams are generally low
compared to N03-N. Amounts of dissolved and particulate organic N are
variable. Total N (including particulate) is frequently considerably
higher than NO3-N.
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The
N
that
reaches
surface
waters
may
be
immobilized
in
the
sediments
and
thus
only
partially
available
(Keeney,
1972).
Conversly,
some
of
the
N may
be
released
from
the
sediments
by
microbial
mineralization.
Soil
erosion
is
a
selective
process,
and
eroded
material
contains
2.7
to
5 times
the
total N
content of
the original
soil ( Hensler and Attoe, 1970).
The
effect
of
fertilizer
N
for
continuous
corn
on
runoff
and
nitrogen
losses
has
been
studied
in
Missouri.
It was
found
that
0.5
m3/ha
(7
ft3/ac)
of
runoff
resulted
from
11.4
cm
(4.5
inches)
of
rain
and
that
a
runoff
loss
of
only
0.01kg/ha
(0.01
1b/ac)
of
NO3-N
resulted
from
application
of
198
kg/ha
(177
lb/ac)
of
fertilizer
N
(Smith,
1967).
Minnesota
workers
found
soil
losses
of
7.7
metric
tons/ha
(7
tons/ac)
for
fallow
conditions,
2.0
(1.8)
for
continuous
corn,
and
less
than
0.55
(0.5)
for
crop
rotations.
The
N
in
this
sediment
amounts
to
63.5
(
56.7),
12.9
(11.5)
and
less
than
5.6
kg/ha
(5
lb/ac),
respectively.
The
dissolved
N
in
the
runoff
water
ranged
from
0.75
to
1.21
kg/ha
(0.67
to
1.08
lb/ac)
for
the
continuous
corn
and
for
corn
and
cats
in
the
rotation.
However,
the
amount
of
dissolved
N
in
the
runoff
water
from
hay
was 3.47
kg/ha
(3.10
lb/ac).
This
was
probably
due
to
the
leaching
of
N
from
the
frozen
hay
residues
(Timmons
35
31;,
1970).
Wisconsin
researchers
have
also
noted
that
the
content
of
soluble
N
in
runoff
water
from
sod
plots
was
about
5
times
greater
than
that
from
fallow
plots,
while
work
on
rotational
land
with
slopes
ranging
from
3
to
20%
has
shown
that
runoff
losses
of
NO3-N
were
less
than
1
kg/ha
(0.9
1b/ac)
(Hensler
and
Attoe,
1970).
3.5.5.4
Nitrogen
in
Subsurface
and
Ground-Water
Runoff
Water
that
infiltrates
into
the
soil
ultimately
is
either
evaporated,
transpired,
seeps
along
impervious
layers,
or
percolates
to
the
water
table.
The
amount
of
leaching
at
a
particular
location
is
largely
related
to
conditions
affecting
evapotranspiration,
soil
physical
conditions,
and
to
precipitation
distribution
and
intensity.
As
reviewed
by
Keeney
(1970),
the
negatively
charged
nitrate
ion
(N03‘)
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 is soluble in water nad generally moveswith the water. The positively
charged ammonium ion (NH4+),
however, is held in exchangeable form by
clay minerals and soil organic matter which greatly restrict its movement.
Sediments and organic matter do not readily move downward in the soil;
bacteria and pesticides are generally adsorbed by soil particles; and
the bulk of most plant nutrients are held in exchangeable, non—exchangeable,
adsorbed or organic forms that are resistant to leaching. Thus, N03—N
is usually of greater concern in groundwater pollution.
Nitrate—N tends to accumulate at the soil surface during
prolonged droughts due to evapoaration. Rain following a drought moves
N03-N into the root zone, or beyond in the case of excessive rains.
Incorporation of carbonaceous crop residues tends to retard production
of NO3-N and movement due to microbial immobilization of N.
In Colorado, the average kg/ha (lb/ac) of NO3-N found in the
soil to a depth of 6.1 m (20 ft) for various cropping practices were:
alfalfa, 88 (79); native grassland, 100 (89); cultivated dry land,
292 (261); irrigated fields not in alfalfa, 569 (508); and corrals,
1,608 (1,436) (Stewart 25 31;, 1968). Variations in the N03—N content
of the corral soils were directly related to teh degree of aeration. For
the irrigated fields the annual losses of N03—N to the groundwater were
28 to 41 kg/ha (25 to 37 1b/ac). Stout and Burau (1967) found that soil
fertility levels are the prime factors determing the amount of N03 below
the root zone, showing that N03 is largely from natural sources.
In preliminary study in Wisconsin (Olsen, 1969), undisturbed,
cultivated, and poorly drained and well drained barnyard soil profiles
were analyzed for their NO3-N content. The respective profiles averaged
55 (49), 231 (206), 165 (147), and 134 kg/ha (120 1b/ac) of N03-N to a
depth of 2.4 m (8 ft). The content tended to decrease with soil depth,
apparently due to plant uptake, denitrification, and microbial
immobilization processes.
On irrigated sands, loss of N03-N is closely related to the
amount of fertilizer N and irrigation water applied (Olsen, 1969).
-66..
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In Wisconsin 30.5 cm (12 inches) of rain or irrigation water during a
5—week period following application of ammonium nitrate to a fallow
Plainfield sand caused most of the NO3-N to move down to the 1 to 1.5 m
(40 to 60 inch) depth. An additional 15 cm (6 inches) of precipitation
during the following month moved most of the NO3-N below the 1.8 m
(6 ft) depth. In a related study, the annual application of 336 kg/ha
(300 lb/acre) of N as ammonium nitrate to a silt loam soil for corn
resulted in the accumulation of excessive amounts of NO3—N in the subsoil,
compared to very little accumulation from the 112 kg/ha (100 lb/acre)
rate. The average annual precipitation was about 81.3 cm (32 inches)
and the rate of movement of NO3-N was about 41 cm (16 inches) annually.
These data suggest that pollution of the groundwater with N03-N can be
greatly reduced by limiting the rate of fertilizer N to approximate the
needs of the crop.
Hedlin (1971) found that high NO3-N concentrations in ground—
water were most likely where repeated heavy applications of organic matter
or nitrogenous materials take place (e.g. in the vicinity of farmsteads,
towns or villages). He also noted that the NO3-N concentration in the
groundwater decreases rapidly as one moves away from the source,
indicating either dilution by N03-free water or denitrification or both.
Little is known of the persistence of N03 in groundwater and evaluation
of the possibility of denitrification in groundwaters would seem to be
a needed area of investigation.
3.6 Natural Renovation MechanismsAvailable to Remove Nutrients
From Agricultural Runoff
The physical and chemical processes controlling the mobility
of soil phosphorus and nitrogen are reviewed in Section 3.5. Included
in this section is a discussion of natural mechanisms which tend to
limit the movement of P and N in agricultural runoff. These processes
include the soil stabilization and sediment deposition, sorption of
phosphate by soil particles, retention of NH4—N by soil cation exchange
sites, immobilization of nutrients by plant assimilation, and
denitrification of NO3-N.
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 Soil
erosion
is
a
major
factor
in
the
transport
of
nutrients
in
agricultural
runoff.
Thus,
mechanisms
and
practices
Which
minimize
erosion
and
transport
of
soil
particles
reduce
nutrient
transport
in
runoff.
The
natural
processes
of
major
importance
is
maintenance
of
a
crop
or
mulch
cover
on
the
soil
(Amemiya,
1970).
Phosphate
characteristically
exhibits
a
low
water
solubility
in
soil
systems
as
a
result
of
sorption
and/or
precipitation
processes
(Taylor,
1967).
However,
the
retention
of
phosphate
is
a
function
of
soil
type
and
is
generally
high
for
fine-textured
soils
and
low
for
sands.
Thus,
the
success
in
using
sorption
by
the
soil
as
a
mechanism
for
removing
P
from
runoff
will
depend
on
the
characteristics
of
the
soil.
In well
drained
silt
loam
soils,
sorption
should
reduce
P
concentrations
to
sufficiently
low
levels
in
the
absence
of
excessive
loadings of P to the soil.
Nitrification greatly increases the mobility of NH4-N and organic N
in soils
and
the
tendency for N
to percolate
to ground waters.
Conditions
for nitrification
are
generally favorable
for agricultural
crops.
Mobility
is best
controlled
by balancing
NO3-N
from the soil but
requires anaerobic
conditions which are generally unacceptable for crop production.
Practices based on the factors and mechanisms controlling the
mobility of nutrients in soils and used to minimize nutrient transport
in runoff arediscussed in Section 5.
3.7
Probable Changes in Land Use Activities
(1980, 2000, 2020)
Changes in the total cropping area for the U.S. region of the
Great Lakes Basin were estimated in the Great Lakes Basin Framework Study,
Appendix 13, Land Use and Management (1971) and are shown in Table 11.
A gradual decrease in cropping area was predicted, amounting to 10 per
cent of the present cropping area by 2020.
Some changes in areas for
crop groups were predicted.
Areas in idle cropland, pastures and meadows,
and close grown crops were projected to decrease, while row crop area
was expected to increase.
These projections indicate that there is little
land available for conversion to agricultural use in the Basin.
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 Table
11.Tota1
Cropping
Area,
Current
and
Projections
for
1980,
2000
and
2020
for
Great
1
Lakes Basin
Total
Area
 
Crops
1966
1980
2000
2
0
2
0
-
6
9
-
Orchards
and
Vineyards
Row
Crops
3,
Close
Grown
Crops
1,
Pastures
and
Meadows
2,
Idle
Cropland
3,
949
458
719
2
4
3
2
1
9
(9,750)
(3,600)
(6,715)
(600)
(7,947)
1000 hectares
3,849
1,617
1,995
161
3,620
(9,503)
(3,993)
(4,926)
(398)
(8,939)
(1000
4,084
1,467
1,721
1
6
5
3,319
 
acres)
(10,083)
(3,621)
(
4
,
2
3
9
)
(407)
(8,194)
4,821
1,284
1,654
185
2
,
3
9
8
(11,903)
(3,170)
(4,083)
(456)
(5,920)
Total
11,
588 (28,612) 11,242
(
2
7
,
7
5
9
)
10,750 (
2
6
,
5
4
4
)
10,342
(25,532)
1
 
Great
Lakes
Basin
Framework
Study,
Appendix
13,
1971.
  
 3.8
Projected Seriousness of Future Pollution Problems Derived From
Nutrients From Agricultural Lands.
The
amounts of
nutrients
from agricultural
lands
expected
to
reach the Great Lakes can be projected from land use predictions
(Section
3.7) and estimated loadings per unit area of agricultural land
(Section 3.4).
These estimates assume that the rate of loading for a
given type of crop will not change.
Further, as discussed in Section 3.4,
the estimated loadings are only approximations and not sufficiently
accurate to justify quantitative estimates of changes in loadings due
to changes in fertilizer use or other farming practices.
Because land
use changes are expected to be small, the corresponding changes in
nutrient loadings from agricultural lands are also small (Table 12).
On
this basis, it appears that the nutrient loadings from agricultural land
have reached a maximum value and will remain the same, given current
agricultural practices. Relatedly, if agricultural technology can be
developed to reduce nutrient loadings to surface waters per unit land
area, corresponding decreases in nutrient loadings to the Great Lakes
can be expected.
While the nutrient loadings from agricultural lands may remain
relatively constant, the proportion of phosphorus entering the Great
Lakes from agricultural lands as compared to other sources will likely
increase substantially. Treatment of municipal and industrial wastes
to remove phosphorus is receiving major emphasis. These sources presently
account for a high proportion of the phosphorus entering the Great Lakes.
Phosphorus budgets for the total Great Lakes system (Great Lakes Water
Quality Board, 1973) do not provide estimates of the proportion of the
total P loading derived from municipal wastes. Further, discrepancies
exist between the budgets presented in the section on water quality
and in the section on eutrophication, which includes estimates in reduction
in P loading for the period 1971-1973. However, it appears that an overall
reduction of about 25% in the P loading to the Great Lakes from the U.S.
and Canada was projected by 1973. On this basis, if agriculture previously
contributed about 20%, this proportion increased to about 25% if projected
reduction was achieved. From another viewpoint, at least an 80 percent
-70-
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Table
12.
Projected
Future
Loadings
of
Soluble
Nutrients
to
the
Great
Lakes
from
Agricultural
Lands.
Estimated
Nutrient
Loadings
to
the
Great
Lakes
Cmps
2
2
2
1
2
19661
1980
2000
2020
1966
1980
2000
2020
  
metric
tons/yr
(tons/yr)
Inorganic
Phosphorus
Row
Crops
829
808
858
1,010
6,160
6,000
(914)
(889)
(944)
(1,111)
(6,780)
(6,600)
Close-Grown
190
210
191
167
2,400
2,700
Crops
(209)
(231)
(210)
(184)
(2,680)
(2,970)
Pastures
and
598
439
379
364
6,250
4,590
Meadows
(659)
(483)
(419)
(400)
(6,880)
(5,050)
Orchards
and
51
34
35
39
379
251
Vineyards
(56)
(37)
(39)
(43)
(417)
(276)
Idle
Crop
161
181
166
120
12,600
14,100
Land
(178)
(199)
(183)
(132)
(13,800)
(15,500)
Total
1,829
1,672
1,629
1,700
27,829
27,621
(2,017)
(1,839)
(1,793)
(1,870)
(30,559)
(30,396)
3
Total
4,170
4,050
3,870
3,720
56,800
55,100
(4,590)
(4,460)
(4,260)
(4,090)
(62,500)
(60,600)
Inorganic
Nitrogen
6,370
7,520
(7,0
10)
(8,2
70)
2,450
2,140
(2,700)
(2,350)
3,960
3,800
(4,360)
(4,180)
257
289
(283)
(318)
12,900
9,350
(14,200)
(12,300)
25,437
23,099
(28,553)
(27,418)
52,700
50,700
(58,000)
(55,800)
1Values
from
Table
7
&
8.
2
(Table
7
&
8).
Based
on
projected
area
(Table
11)
and
current
3Based
on
stream
data(Tota1
P
and
Total
N).
estimated
loadings
  
 loading to Lake Michigan is projected.
Point sources were estimated
to contribute about 77 percent of the loading prior to treatment (Table 4).
If the agricultural contribution was about 20 percent, as estimated for
the total Great Lakes Basin, thisproportion.would increase to about 53%
when the projected 80 percent from point sources is achieved. While
these values are approximations at best, it is clear that the proportion
of the Phosphorus
loading to the Great Lakes from agricultural lands
will increase as treatment is implemented for point sources. This
will focus the attention on agricultural sources of phosphorus to the
Great Lakes.
Because major changes in the amounts of agricultural land in the
Great Lakes Basin are not anticipated, the seriousness of the problem
of nutrient loadings to the Great Lakes from agricultural lands in the
future, as compared to the present time, will be a function mainly of
changes in practices which affect the nutrient loadings per unit
 
area of agricultural land. In this regard, the extent to which nutrient
levels in runoff are affected by fertilizer use and other agricultural
practices becomes an important question.
Agricultural soils contain varying amounts of native nutrients
 
and nutrients added as fertilizers. The large amounts of fertilizer
N and P used, 260,000 and 152,000 metric tons (286,600 and 167,500 tons)
respectively, for the Great Lakes Basin, have raised concern over the
impact of fertilizer nutrients on loadings to the Great Lakes. Most ff
agricultural experts (e.g. Taylor, 1967; Stanford g£_§l;, 1970; Viets if
1970, 1971; Nelson, 1972) agree that insufficient information is 1'
available from sufficiently controlled situations to accurately assess Vi
the contribution of fertilizers to the nutrient loadings to lakes. ‘
Further, it is agreed that losses of fertilizer nutrients can be
affected by fertilizer use practices.
The amounts of fertilizer nutrients added to the soil are small
on an annual basis compared to native nutrient levels. However,
over years of continuous fertilizeruse, the amounts accumulated can
be significant. Because of the low water solubilities of P in soils,
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P is transported from soils largely in particulate form by soil erosion.
Although soil N03-N is water soluble, soil N is largely particulate.
Thus, P and N losses are closely related to the P and N contents of the
soil and may be increased by fertilization of the soil. A loss of 11.2
metric tons/ha (5 tons/ac) of soil containing 1000 ppm P amounts to a
loss of 11.2 kg/ha (10 1b/ac) of P. Furthermore, eroded soil is
generally enriched in nutrients compared to the source soil, due to the
tendency for nutrients to associate with fine silt and clay fractions.
However, prediction of the impact of soil erosion on nutrient loadings
to lakes, complicated by the partial deposition of sediment prior to
reaching the lake and a lack of information on the availability in lakes
of nutrients associated with the particulate phase (Taylor, 1967; Syers
35 a1;, 1973).
Although P and N are lost from soil mainly in eroded soil particles,
the losses of these nutrients in the soluble fraction is also important.
The soluble inorganic forms are directly available to aquatic plants and
are more likely to reach the lake than are particulate forms. Losses
of nutrients in solution are related in part to the concentrations
maintained in solution by soil particles.
Fertilization is expected to increase soluble P concentrations based
on soil P sorption isotherms and on the solubility of fertilizers and
their reaction products in soil (Black, 1970; Ryden gt al;, 1973).
Generally, fertilizer P reacts in soil initially to form products of
relatively high water solubility (Black, 1970). As P diffuses from the
fertilizer band, the concentration is decreased as P is sorbed by soil
particles. As the amount of P sorbed by the soil is increased, a higher
solution concentration is maintained. Consequently, both the formation
of fertilizer reaction products and the increase in sorbed P would
increase the tendency for loss of P in solution in runoff waters.
While some data have been obtained to show that fertilization can
increase soluble P concentrations, the importance of this to P loadings
to lakes has not been established. Data cited by Taylor (1967) showed
that P concentrations of 13, 34 and 88 ug/l, were obtained when dilute
-73..
 
salt solutions were equilibrated with a silt loam soil fertilized at
rates of O, 244 and 468 kg/ha (O, 218 and 418 lb/ac), respectively.
Bolton et al; (1970) obtained P concentrations of 13 and 24 Lg/l in
tile drainage water from non-fertilized and fertilized corn plots in
a 4—year rotation with oats-alfalfa. Concentrations of 26 and 29 Lg/l
were obtained for non—fertilized and fertilized continuous corn plots.
Nelson and Romkens (1970) observed that the P concentration in runoff
water was directly related to the rate of fertilizer addition for plots
receiving 0, 56 and 112 kg/ha (O, 50 and 100 lb/ac) of fertilizer P and
subjected to simulated rainfall. Concentrations ranged from about 50
Lg/l for the unfertilized plot to 400 for the highest level of added P.
The amount of solution P lost per unit area was also directly related
to fertilizer addition rate. It should be noted that the "rainfall"
intensity (6.4 cm/hr or 2.5 inches/hr) and duration (1 hr) were high,
contributing to a high rate of runoff. Consequently, the losses were
higher than normally expected. Holt §£_gl; (1970) reported P concentrations
of 8, 9, 16 and 30 pg/l in runoff from plots receiving no fertilizer,
fertilizer broadcast and plowed, fertilizer broadcast and disked, and
fertilizer broadcast (rates not given), respectively.
The predominant form of N transported in solution is N03”. In
contrast to P, N03- is not retained by the soil and moves with runoff and
percolating waters. The extent of soluble N transport from the soil is
a function of the rates of water percolation, nitrification, denitrification,
plant uptake, and immobilization by other processes (see Section 3.4).
While instances of enrichment of subsurface waters by fertilizer N are
known, the importance of fertilizer N to the loadings of N from agricultural
lands to lakes is not well established (Stanford g£_§l;, 1970; Viets,
1971; Keeney and Walsh, 1972).
Available information indicates that nutrients in solution contribute
significantly to estimated nutrients loadings to lakes from agricultural
lands (Section 3.4). Fertilization can increase concentrations of nutrients
in solution and thereby increase the amounts of nutrients transported
from soil in runoff and percolating waters. On this basis, future
problems of nutrient additions to lakes from agricultural lands may be
-74-
  
   
reduced
if
emphasis
is
placed
on
balancing
fertilizer
application
rates
to
agricultural
crop
needs
and
on
achieving
the
minimum
nutrient
concentrations
in
the
soil
solution
for
maximum
crop
production.
From
another
standpoint,
considerable
nutrient
transport
occurs
through
soil
erosion
and
fertilization
increases
the
nutrient
content
of
the
soil.
Consequently,
future
problems
for
lakes
can
be
reduced
by
avoiding
excessive
fertilizer
use
and
byminimizing
soil
erosion.
3.9
Institutional
Arrangements
Relating
to
Great
Lakes
Pollution
By
Nutrients
FromAgricultural
Lands
The
laws,
policies,
and
institutional
arrangements
pertaining
to
the
U.S.
Great
Lakes
Basin
are
discussed
in
detail
in
Appendix
20
of
the
Great
Lakes
Basin
Framework
Study,l972.
Apparently,
programs
and
policies
have
not
been
developed
to
deal
directly
with
pollution
by
nutrients
from
agricultural
lands.
However,
certain
agency
programs
and
policies
developed
for
other
purposes
have a
bearing
on
nutrients
from
agricultural
lands.
Most
closely
relatedare
programs
concerned
with
control
of
erosion
and
sediment.
The
Fedearl
Water
Pollution
Control
Act
Amendments
of
1972
focused
attention
on
diffuse
sources
of
pollution,
including
sediments.
The
legislation
called
for
an
evaluation
of
the
sources
and
extent
of
sediment
and
associated
pollution
arising
from
agricultural
and
urban
lands,
and
of
the
legal,
economic,
and
other
implications
of
the
implementation
of
erosion
control
methodology.
3.9.1 Agencies
The
EPA,
and
USDA
have
programs
concerned
with
agricultural
pollution
(EPA,
1971).
The
EPA
is
the
agency
with
direct
statutory
responsibility
for
programs
leading
to
abatement,
prevention,
and
control
of
all
water
quality
problems.
Within
the
research
and
development
program,
projects
are
included
to
improve
methods
to
alleviate
or
abate
all
agricultural
sources
of
pollution.
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Several
USDA
agencies
are
concerned
with
proper
land
use
and
resource
conservation
practices.
These
practices
result
in
soil
and
I
water
conservation
and
may
result
in
pollution
abatement,
particularly
sediment
control.
The
Agricultural
Stabilization
and
Conservation
;
Service
(ASCS)
authorizes
federal
cost
sharing
with
farmers
for
carrying
\
out
soil
conservation
programs
and
specific
pollution
abatement
practices.
Pollution
abatement
has
been
concerned
mainly
with
animal
wastes.
The
Agricultural
Research
Service
conducts
land
and
water
resource
research
programs.
Some
of
these
relate
to
erosion
control
and
pollution
by
agricultural
chemicals.
The
Cooperative
State
Research
Service
administers
Federal
grant
programs
for
agricultural
research
at
state
agricultural
experiment
stations.
All
experiments
in
the
Great
Lakes
states
are
conducting
research
on
nutrient
enrichment
of
waters.
The
Soil
and
Water
Conservation
Service
develops
and
carries
out
a
national
soil
and
water
conservation
program
through
soil
and
water
conservation
districts
and
watershed
protection,
flood
prevention
and
river
basin
investigation
projects.
A
Survey
of
small
watersheds
in
the
Great
Lakes
St.
Lawrence
Region
 
concluded
that
watersheds
were
feasible
for
development
for
water
and
land
conservation
and
flood
control
under
Public
Law
566
(EPA,
1971).
Local
sponsoring
organizations
made
application
for
74
projects.
Planning
was
authorized
for
31
and
construction
for
21
projects.
Within
state
governments,
various
groups
such
as
the
Departments
of
Agriculture
are
involved
in
programs
related
to
land
use.
Generally,
these
programs
inform
agricultural
committees
on
farming
practices,
and
;3
other
matters,
and
advise
the
legislative
branch
on
subjects
including
agricultural pollutants.
E1
3.9.2 Programs and Policies
Floodplain
management
may
indirectly
affect
nutrient
pollution
from
agricultural
lands
located
in
floodplains.
However,
management
is
mainly
concerned
with
uses
other
than
agricultural.
All
Great
Lakes
Basin
states
have
zoning
enabling
legislation.
Wisconsin
is
the
only
state
with
a
compulsory
floodplain
zoning
program
(Great
Lakes
Basin
Framework Study, 1972).
_;_i
   
Land
drainage
(i.e.,
installation
of
drains,
etc.)
is
controlled
under enacted statutes in six of the Basin states (Great Lakes Basin
Framework
Study,
1972).
Drains
may
be considered
as public waters
and
subject to pollution abatement laws.
Consequently, where runoff waters
are
channeled
through drains,
a potential
exists
for control
from the
standpoint of the impact of nutrient loadings to surface waters.
The
states have
soil conservation
programs
which affect pollution
by
nutrients
from agricultural
lands.
All
Basin states,
with
the
possible exception
of
Indiana,
have
statutory
provisions
to
abate or
safeguard
against
sediment
and
erosion
damages
(Great
Lakes
Basin
Framework
Study,
1972).
Erosion
is
an
important
aspect
of
nutrient
transport
from
agricultural
lands.
Soil
conservation
districts
may
be
formed
in
all
Basin
states
to
effect
soil
conservation
practices,
for
example,
as
a mechanism
for
erosion
and
sediment
control.
Various
programs
for
controlling
pollution
from
land
use
activities
are
in
the
planning
or
demonstration
stages.
Allen
County,
Indiana,
Soil
and
Water
Conservation
District
is
working
with
EPA
in
a
research
and
demonstration
project
to
control
pollution
runoff
from
farmlands
(Great
Lakes
Water
Quality
Board,
1973).
The
Minnesota
Governor's
Conference
with
participation
by
EPA
is
working
to
develop
a
model
state
act
for
soil
erosion
and
sediment
control.
Michigan
is
considering
legislation
to
control
soil
erosion.
Ohio
is
considering
a
cooperative
plan
among
state
agencies
to
control
nutrients
and
sediments
from
agricultural lands.
Under
Wisconsin
law,
land
use
regulations
through
adopted
ordinances
which
affect
soil
and
water
erosion,
flooding,
a
sedimentation
can
be
formulated
by
soil
and
water
conservation
districts
for
land
use
within
All
landowners
in
the
district
would
be
included
under
such
ordinances.
the
district
but
outside
of
incorporated
villages
and
cities.
A
model
ordinance
for
Wisconsin
soil
and
water
conservation
districts
adopting
land
use
regulations
for
sediment
control
has
been
developed.
Wisconsin
has
planned
a
cooperative
research
and
demonstration
project
to
demonstrate
the
effectiveness
of
land
control
measures
in
improving
water
quality
and
to
devise
the
necessary
institutional
arrangements
-77-
  
for
the
preparation,
acceptance,
adoption
and
implementation
of
a
sediment
control
ordinance
applicable
to
incorporated
and
unincorporated
areas
on
a
county-wide
basis.
The
project
involves
cooperation
between
ten
local,
state
or
federal
groups.
Washington
County
in
southeastern
Wisconsin
has
been
selected
as
the
site
for
the
proposed
program.
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Section 4
SUMMARY OF RELEVANT ONGOING RESEARCH DEMONSTRATION
OR MONITORING PROGRAMS
4.1 Ongoing Research1
The
nut
rie
nt
con
tri
but
ion
by
the
agr
icu
ltu
ral
lan
d t
o s
urf
ace
wat
ers
is
dif
fic
ult
to
qua
nti
fy,
bec
aus
e o
f t
he
dif
fus
e n
atu
re
of
agr
icu
ltu
ral
sour
ces.
Also
, t
he
pro
ble
m i
s c
omp
lic
ate
d b
y a
mul
tit
ude
of
fact
ors,
bot
h n
atu
ral
ly
occ
urr
ing
and
man
—ma
de,
inf
lue
nci
ng
nut
rie
nt
tra
nsp
ort
in
runo
ff.
The
mor
e o
bvi
ous
fac
tor
s i
ncl
ude
the
amo
unt
,
distribution, and intensity of rainfall; the amount, quality and
app
lic
ati
on
of
irr
iga
tio
n w
ate
r;
tem
per
atu
re
and
eva
pot
ran
spi
rat
ion
;
the
amou
nt o
f ru
noff
and
perc
olat
ion;
soil
eros
ion
and
cons
erva
tion
pra
cti
ces
; t
he
phy
sic
al
and
che
mic
al
nat
ure
of
the
soil
; t
opo
gra
phi
c,
geological, and hydrological features of the earth's surface; the
kind
s of
crop
s gr
own
and
the
meth
ods
of c
rop
mana
geme
nt;
and
the
kind
s
and
amo
unt
s o
f f
ert
ili
zer
use
d a
nd
the
tim
ing
of
app
lic
ati
on.
The
se
fac
tor
s a
ct
sep
ara
tel
y a
nd
in
com
bin
ati
on
to
inf
lue
nce
the
nut
rie
nt
loss
es.
Int
era
cti
on
amo
ng
fac
tor
s g
rea
tly
com
pli
cat
es
eva
lua
tio
n o
f t
he
pro
ble
m (
Tayl
or,
1967
; S
tan
for
d g
t a
l.,
1970
; N
els
on,
1970
).
Sev
era
l a
ppr
oac
hes
cur
ren
tly
are
use
d t
o e
val
uat
e t
he p
rob
lem
,
name
ly s
tudi
es w
ith
sing
le o
r mu
ltip
le w
ater
shed
s,
lysi
mete
r pl
ots,
drainage plots and/or runoff plots. Monitoring of the nutrient content
of streams, ponds, and lakes provides valuable data if done carefully
and continuously in well selected areas where there is minbmal
contamination from outside sources of nutrients.
Gen
era
lly
, t
he
sup
por
tin
g a
gen
cie
s a
re
Env
iro
nme
nta
l P
rot
ect
ion
Agency (Office of Research and Development), Department of the Interior
(Off
ice
of
Wat
er
Res
our
ces
Res
ear
ch)
, D
epa
rtm
ent
of
Agr
icu
ltu
ral
(Agricultural Research Service), Department of Agriculture with
Cooperative State Research Service, and State Governments.
1S
ee
als
o
Se
ct
io
n
3.9
,
In
st
it
ut
io
na
l
Ar
ra
ng
em
en
ts
.
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The
projects
currently
being
undertaken
are
presented
below
according to subject matter.
4.1.1
Contribution
of
Nutrients
from
Agricultural
Land
to
Surface Waters
Projects
involving
evaluation
of
the
extent
of
phosphorus
and
nitrogen
enrichment
of
surface
waters
by
agricultural
land
are
being
undertaken
by
the
following
investigators:
D.
K.
Cassell
and
W.
C.
Dahnke
(North
Dakota
State
University);
G.
Chesters
and
D.
R.
Keeney
(University
of
Wisconsin);
B.
G.
Ellis
(Michigan
State
Univesrity)
J.
J.
Hanway,
J.
M.
Bremner
and
M.
A.
Tabatabai
(Iowa
State
University);
R.
F.
Harris
and
D.
E.
Armstrong
(University
of
Wisconsin);
H.
G.
Heinemann
(U.S.
Department
of
Agriculture);
C.
C.
Hortenstine,
L.
C.
Hammond,
and
R.
S.
Mansell
(University
of
Florida);
J.
M.
MacGregor
and
R.
S.
Adams
(University
of
Minnesota);
B.
L.
McNeal
(Washington
State
University);
L.
S.
Murphy
(Kansas
State
University);
D.
W.
Nelson
and
M.
J.
Romkens
(Purdue
University);
R.
A.
Olson,
J.
Muir
and
E.
C.
Seims
(University
of
Nebraska);
B.
L.
Schmidt
and
T.
J.
Logan
(Ohio
Agricultural
Research
and
Development
Center);
D.
R.
Timmons
and
R.
F.
Holt
(U.S.
Department
of
Agriculture);
E.
M.
White
(South
Dakota
State
University);
and
P.
J.
Zwerman,
D.
J.
Lathwell
and
D.
R.
Bouldin
(State
University
of
New
York
at
Ithaca).
One
investigator,
G.
O.
Schwab
(Ohio
State
University)
is
studying
specifically
the
movement
of
nutrients
from
agricultural land to Lake Erie.
4.1.2
Contribution
of
Nutrients
by
Fertilizers
to
Surface
Waters
Current
projects
on
the
role
of
fertilizers
in
pollution
of
surface
waters
include
those
conducted
by:
R.
R. Bradford
(Alabama Agricultural
and Mechanical
College);
L. A.
Douglas
(Rutgers,
the
State
Univesrity);
E. P.
Dunigan
(Louisiana
State University);
J.
E.
Giddens
(University
of Georgia); J. W. Gilliam (Univesrity of North Carolina);
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J.
W.
Gil
lia
m a
nd
S.
B.
Wee
d
(Un
ive
rsi
ty
of
Nor
th
Car
oli
na)
;
G.
F.
Gri
ffi
n a
nd
R.
W.
Wen
gel
(Un
ive
rsi
ty
of
Con
nec
tic
ut)
;
J.
J.
Han
way
,
R.
M.
Shi
ble
s,
and
E.
J.
Dun
phy
(Io
wa
Sta
te
Uni
ver
sit
y);
L.
H.
Hil
ema
n
(Un
ive
rsi
ty
of
Ark
ans
as)
;
D.
M.
Him
mel
bla
u
and
M.
Hil
deb
ran
d
(Un
ive
rsi
ty
of
Tex
as)
;
C.
C.
Hor
ten
sti
ne,
D.
A.
Gra
etz
and
D.
F.
Rot
hwe
ll
(Un
ive
sit
y
of
Flo
rid
a);
D.
E.
Kis
sel
and
C.
W.
Ric
har
dso
n
(Bl
ack
lan
d C
ons
erv
ati
on
Exp
eri
men
t
Sta
tio
n);
W.
Kro
ont
je
(Vi
rgi
nia
Pol
yte
chn
ica
l
Ins
tit
ute
);
G.
M.
Les
sma
n (
Uni
ver
sit
y o
f T
enn
ess
ee)
;
J.
F.
Lut
z (
Uni
ver
sit
y o
f N
ort
h
Car
oli
na)
;
T.
M.
McC
all
a
and
G.
L.
Sch
uma
n
(Un
ive
rsi
ty
of
Neb
ras
ka)
;
J.
D.
Men
zie
s a
nd
G.
Sta
nfo
rd
(U.
S.
Dep
art
men
t o
f A
gri
cul
tur
e);
R.
A.
Ols
on,
A.
D.
Flo
wer
day
, D
. K
nud
sen
and
G.
A.
Pet
ers
on
(Un
ive
rsi
ty
of
Neb
ras
ka)
; A
. R
. O
ver
man
(Un
ive
rsi
ty
of
Flo
rid
a);
T.
C.
Pee
le
(Cl
ems
on
Uni
ver
sit
y);
C.
E.
Sca
rsb
roo
k (
Aub
urn
Uni
ver
sit
y);
G.
E.
Smi
th
(Un
ive
rsi
ty
of
Mis
sou
ri)
; A
. S
wob
oda
(Tex
as
A &
M U
niv
ers
ity
Syst
em);
G.
W.
Tho
mas
(Un
ive
rsi
ty
of
Ken
tuc
ky)
; M
. R
. T
ill
and
D.
W.
Arm
str
ong
(So
uth
Aus
tra
lia
n
Dep
art
men
t o
f A
gri
cul
tur
e);
F.
G.
Vie
ts
and
S.
R.
Ols
en
(U.S
. D
epa
rtm
ent
of
Agr
icu
ltu
re)
;
L.
F.
Wel
ch,
J.
D.
Ale
xan
der
and
T.
E.
Lar
son
(Un
ive
rsi
ty
of
Ill
ino
is)
; C
. W
. W
end
t,
A.
B.
Onk
en
and
O.
C.
Wil
ke
(So
uth
Pla
ins
Res
ear
ch
and
Exp
eri
men
t C
ent
er)
; a
nd
W.
M.
Win
ant
(un
ive
rsi
ty
of Vermont).
4.1.3 Nitrogen and Nitrates in the Environment
Nit
rog
en
and
nit
rat
es
in
teh
soil
, p
lan
ts
and
sur
fac
e w
ate
rs
are
under investigation by: M. M. Alexander and P. L. Minott (State
Univ
ersi
ty o
f Ne
w Yo
rk);
S. A
. Ba
rber
and
D. W
. Ne
lson
(Pur
due
Univ
ersi
ty);
A. V
. Ba
rker
and
D. N
. Ma
ynar
d (
Univ
ersi
ty o
f Ma
ssac
huse
tts)
; J.
M. B
remn
er
and
L. G
. Bu
ndy
(Iow
a St
ate
Univ
ersi
ty);
J. C
. Da
y (U
nive
srit
y of
Ariz
ona)
;
Y. K
aneh
iro
(Uni
vers
ity
of H
awai
i);
D. R
. Ke
eney
(Uni
vesr
ity
of W
isco
nsin
);
F. E
. Ko
ehle
r an
d N.
K. W
hitt
lese
y (W
ashi
ngto
n St
ate
Univ
esri
ty);
W. D
.
Lemb
ke,
J. K
. Mi
tche
ll a
nd J
. Si
mon
(Unv
iver
sity
of I
llin
ois)
; G.
D. L
ewis
,
D. V. Naylor and D. W. Fitzsimmons (University of Idaho); A. D. McLaren
and R. K. Schulz (University of California); R. J. Miller (University
of California); D. W. Nelson (Purdue University); N. K. Peterson
-81-
 (University of New Hampshire); R. V. Rourke and R. F. Stafford
(Un
ive
rsi
ty
of M
ain
e);
J.
R.
Sims
(Mo
nta
na
Sta
te
Uni
ver
sit
y);
E.
R.
Swan
son
(Uni
vers
ity
of I
llin
ois)
; A.
R. S
wobo
da (
Texa
s A
& M
Univ
ersi
ty
Syst
em);
J. M
. Ti
edje
(Mic
higa
n St
ate
Univ
ersi
ty);
S. J
. To
th (
Rutg
ers,
The
Sta
te
Uni
ves
rit
y);
T.
C.
Tuck
er,
G.
R.
Dut
t a
nd
R.
L.
Wes
ter
man
(Un
ive
sri
ty
of
Ari
zon
a);
R.
A.
You
ng
and
R.
J.
Ruf
(Un
ive
rsi
ty
of
Nev
ada
);
V.
V.
Vol
k a
nd M
. G
. C
rop
sey
(Ore
gon
Sta
te
Uni
ver
sit
y);
C.
W.
Wen
dt
(Tex
as
A &
M U
niv
ers
ity
Syst
em);
and
F.
Wie
rsm
a (
Uni
ver
sit
y o
f A
riz
ona
).
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 Section 5
N
A
T
U
R
E
A
N
D
A
V
A
I
L
A
B
I
L
I
T
Y
O
F
T
E
C
H
N
O
L
O
G
Y
T
O
C
O
P
E
W
I
T
H
N
U
T
R
I
E
N
T
S
IN
A
G
R
I
C
U
L
T
U
R
A
L
R
U
N
O
F
F
S
o
i
l
e
r
o
s
i
o
n
a
n
d
s
e
d
i
m
e
n
t
t
r
a
n
s
p
o
r
t
p
l
a
y
a
m
a
j
o
r
r
o
l
e
i
n
t
h
e
t
r
a
n
s
p
o
r
t
o
f
n
u
t
r
i
e
n
t
s
i
n
a
g
r
i
c
u
l
t
u
r
a
l
r
u
n
o
f
f
(
T
a
yl
o
r
,
1
9
6
7
;
EPA,
1
9
7
1
;
S
e
c
t
i
o
n
s
3.4
a
n
d
3.5).
S
e
d
i
m
e
n
t
t
r
a
n
s
p
o
r
t
h
a
s
long
b
e
e
n
r
e
c
o
g
n
i
z
e
d
as
a
p
r
o
b
l
e
m
i
n
a
g
r
i
c
u
l
t
u
r
a
l
a
r
e
a
s
,
a
n
d
s
o
i
l
c
o
n
s
e
r
v
a
t
i
o
n
a
n
d
s
e
d
i
m
e
n
t
c
o
n
t
r
o
l
p
r
a
c
t
i
c
e
s
h
a
v
e
r
e
c
e
i
v
e
d
c
o
n
s
i
d
e
r
a
b
l
e
a
t
t
e
n
t
i
o
n
(
G
l
y
m
p
h
a
n
d
S
t
o
r
e
y
,
1
9
6
7
;
A
m
e
m
i
y
a
,
1
9
7
0
;
E
P
A
,
1
9
7
1
)
.
G
e
n
e
r
a
l
l
y
,
t
e
c
h
n
o
l
o
g
y
to
c
o
n
t
r
o
l
s
e
d
i
m
e
n
t
t
r
a
n
s
p
o
r
t
is
a
v
a
i
l
a
b
l
e
,
b
u
t
f
u
r
t
h
e
r
e
f
f
o
r
t
is
n
e
e
d
e
d
i
n
i
m
p
l
e
m
e
n
t
a
t
i
o
n
a
n
d
d
e
v
e
l
o
p
m
e
n
t
o
f
p
r
a
c
t
i
c
e
s
m
o
s
t
c
o
m
p
a
t
i
b
l
e
w
i
t
h
i
n
t
e
n
s
i
v
e
a
g
r
i
c
u
l
t
u
r
a
l
p
r
o
d
u
c
t
i
o
n
.
P
r
a
c
t
i
c
e
s
u
s
e
d
i
n
c
o
n
t
r
o
l
l
i
n
g
e
r
o
s
i
o
n
a
n
d
s
e
d
i
m
e
n
t
t
r
a
n
s
p
o
r
t
i
n
c
l
u
d
e
t
h
e
f
o
l
l
o
w
i
n
g
:
1)
c
o
v
e
r
c
r
o
p
m
a
i
n
t
e
n
a
n
c
e
,
2)
s
t
r
i
p
c
r
o
p
p
i
n
g
,
3)
c
r
o
p
r
o
t
a
t
i
o
n
,
4)
c
o
n
t
o
u
r
f
a
r
m
i
n
g
,
5)
m
u
l
c
h
i
n
g
,
6)
m
u
l
c
h
i
n
g
w
i
t
h
m
i
n
i
m
u
m
t
i
l
l
a
g
e
,
7)
r
o
u
g
h
t
i
l
l
a
g
e
t
o
i
n
c
r
e
a
s
e
i
n
f
i
l
t
r
a
t
i
o
n
,
a
n
d
8)
t
e
r
r
a
c
i
n
g
a
n
d
o
t
h
e
r
s
l
o
p
e
a
l
t
e
r
a
t
i
o
n
p
r
a
c
t
i
c
e
s
.
M
a
i
n
t
e
n
a
n
c
e
o
f
a
c
o
v
e
r
c
r
o
p
o
r
c
r
o
p
r
e
s
i
d
u
e
c
o
v
e
r
o
n
t
h
e
s
o
i
l
i
s
r
e
c
o
g
n
i
z
e
d
t
o
b
e
o
f
m
a
j
o
r
i
m
p
o
r
t
a
n
c
e
i
n
s
o
i
l
s
t
a
b
i
l
i
z
a
t
i
o
n
a
n
d
erosion control.
S
o
i
l
f
e
r
t
i
l
i
z
a
t
i
o
n
i
n
c
r
e
a
s
e
s
t
h
e
a
v
a
i
l
a
b
l
e
n
u
t
r
i
e
n
t
s
u
p
p
l
y
f
o
r
c
r
o
p
u
t
i
l
i
z
a
t
i
o
n
a
n
d
f
o
r
t
r
a
n
s
p
o
r
t
i
n
S
u
r
f
a
c
e
r
u
n
o
f
f
(
T
a
y
l
o
r
,
1
9
6
7
;
S
t
a
n
f
o
r
d
_
§
£
_
a
l
;
,
1
9
7
0
;
E
P
A
,
1
9
7
1
)
.
W
h
i
l
e
i
n
s
t
a
n
c
e
s
o
f
i
n
c
r
e
a
s
e
d
n
u
t
r
i
e
n
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
r
u
n
o
f
f
f
r
o
m
f
e
r
t
i
l
i
z
e
d
s
o
i
l
s
h
a
v
e
b
e
e
n
r
e
p
o
r
t
e
d
(
s
e
e
S
e
c
t
i
o
n
3
.
8
)
,
t
h
e
i
m
p
a
c
t
o
f
s
o
i
l
f
e
r
t
i
l
i
z
a
t
i
o
n
o
n
n
u
t
r
i
e
n
t
t
r
a
n
s
p
o
r
t
i
n
r
u
n
o
f
f
i
s
u
n
c
e
r
t
a
i
n
.
A
s
i
d
e
f
r
o
m
s
e
d
i
m
e
n
t
t
r
a
n
s
p
o
r
t
,
t
h
e
m
o
v
e
m
e
n
t
o
f
s
o
i
l
p
h
o
s
p
h
o
r
u
s
i
n
s
u
r
f
a
c
e
r
u
n
o
f
f
s
h
o
u
l
d
b
e
r
e
l
a
t
e
d
t
o
t
h
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
s
o
l
u
b
l
e
p
h
o
s
p
h
o
r
u
s
m
a
i
n
t
a
i
n
e
d
i
n
t
h
e
s
o
i
l
s
o
l
u
t
i
o
n
.
C
o
n
s
e
q
u
e
n
t
l
y
,
t
h
e
f
o
r
m
s
a
n
d
a
m
o
u
n
t
s
o
f
p
h
o
s
p
h
o
r
u
s
a
p
p
l
i
e
d
,
t
h
e
t
i
m
i
n
g
o
f
p
h
o
s
p
h
o
r
u
s
a
p
p
l
i
c
a
t
i
o
n
s
i
n
r
e
l
a
t
i
o
n
t
o
e
x
p
e
c
t
e
d
p
e
r
i
o
d
s
o
f
h
i
g
h
r
u
n
o
f
f
,
a
n
d
t
h
e
i
n
c
o
r
p
o
r
a
t
i
o
n
o
f
f
e
r
t
i
l
i
z
e
r
p
h
o
s
p
h
o
r
u
s
i
n
t
o
t
h
e
s
o
i
l
a
r
e
i
m
p
o
r
t
a
n
t
i
n
m
i
n
i
m
i
z
i
n
g
p
h
o
s
p
h
o
r
u
s
t
r
a
n
s
p
o
r
t
i
n
r
u
n
o
f
f
(
T
a
y
l
o
r
,
1
9
6
7
;
M
a
r
t
i
n
3
5
a
l
.
,
1
9
7
0
)
.
  
The solubility of N03- has focused major attention on the mobility
of N03_ in surface runoff and percolating waters. Fertilization practices
which minimize N03" losses have been emphasized. Important practices
include balancing application rate with crop needs, split applications
and side-dressing to time applications with crop utilization, and use
of deep—rooted crops in crop rotations to return leached N03” to the
soil surface (Martin gt ELL, 1970; Stanford 23 al;, 1970). Nitrification
inhibitors may prove useful in retarding NO3‘ formation and thereby reducing
losses.
Practices which may lead to increased transport of nutrients from
agricultural soils include fall fertilizer application, broadcast
application, and addition of fertilizers, including manure, to frozen
soil (Biggar and Corey, 1969; Martin gt al;, 1970). Relatedly freezing
apparently enhances the release of nutrients from crop plants, and this
process may contribute substantially to nutrient transport during the
spring runoff period (Holt, 1969).
The
con
cer
n o
ver
wat
er
qua
lit
y d
ete
rio
rat
ion
, t
he
inc
rea
sin
g c
ost
s
and decreasing supplies of fertilizers, and decreasing food supplies
emphasize the need for technology to maximize efficient fertilizer use
and
crop
prod
ucti
on w
hile
mini
mizi
ng w
ater
poll
utio
n pr
oble
ms.
Proc
edur
es
for evaluating fertilizer application rates should not only focus on
maximizing production but on minimizing fertilizer use and the potential
for loss in runoff and seepage waters.
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Section 6
NEED FOR NEW RESEARCH, DEMONSTRATION OR
MONITORING PROGRAMS
6.1 Gaps in Knowledge Likely to be Remaining By the 1976 Time Frame
Accurate estimates fo the nutrient contribution of agricultural
lands to the Great Lakes can not be made at the present time. The
contribution is estimated to be about 20 percent of the total loading
for phosphorus and will increase in proportion as point sources of
phosphorus pollution are reduced through waste treatment. However,
information on nutrient transport from agricultural land has been
obtained from widely scattered locations and frequently under poorly
defined conditions. Because of the lack of precision in estimates of
nutrient transport in runoff, accurate evaluations of the role of land
use and other factors in nutrient loadings can not be made.
The factors and mechanisms controlling the amounts of nutrients
transported from agricultural lands are not established sufficiently
to facilitate management programs. The physical and chemical factors
controlling concentrations of soluble nutrients containedin surface
runoff are not understood to the extent that quantitative predictions
can be made. The effect of fertilizer use on soluble nutrient transport
is uncertain.
Information is lacking on nutrient transport in streams and rivers.
It is evident that a considerable portion of the soil eroded from
agricultural lands is deposited prior to discharge into lakes.
Furthermore, soluble nutrient loss from runoff waters through interaction
with stream bank and bottom sediments can not be predicted.
The effect of particulate nutrients transported to lakes on the
nutrient status of lake surface waters is poorly understood.
Consequently,
the validity of including particulate nutrients in lake nutrient budgets
is uncertain.
This arises because of a lack of information on the rates
of release of nutrients from particulate forms in lake systems, the
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availability of particulate forms to aquatic organisms, and the rates
of nutrient uptake from particulate forms by algae as related to
» the longevity of particulate nutrient forms in lake surface waters.
6.2 New Studies Needed to Define the Problems Remaining
Gaps in knowledge regarding nutrient transport from agricultural
lands to the Great Lakes (Section 6.1) indicates a need for research
and demonstration projects in the areas discussed below to provide the
information required.
6.2.1 Basic Research
Intensive investigation and monitoring of nutrient transport
 
from representative agricultural watersheds. This type of investigation
is needed to provide quantitative information on nutrient transport as
a function of land use, soil type, fertilization, runoff and other
important factors. Measurements should be made over a sufficient time
period to provide a representative, accurate assessment. Relation to
important events such as spring runoff should be evaluated to facilitate
management and control programs.
Determination of the factors and mechanisms controlling the amounts
of nutrients transported from agricultural lands. Research on the
physical and chemical factors controlling the concentrations of soluble
nutrients in runoff should be emphasized. The effects of soil properties,
fertilizer application, and fertilization history of the soil should be
established. This information would identify the specific processes and
factors controlling soluble nutrient transport and, in turn, aid programs
to control the problem.
Determination of the factors and processes controlling nutrient
transport in streams and rivers. The extent of soluble nutrientremoval
by stream bank and bottom sediments should be established. This information
would relate measurements of nutrient transport from agricultural land to
the amounts expectedto reach the Great Lakes.
1 ' -86-
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Determination of the effect of particulate nutrients in runoff
on the nutrient status of lake surface waters. Information is needed on
 
a) the rate and extent of nutrient release from particulate forms, b) the
biological availability of particulate nutrient forms and c) the rates of
utilization of particulate nutrients as related to the rates of particulate
nutrient removal from lake surface waters through settling. This information
would greatly improve predicting of the impact of agricultural runoff on
lake water quality.
6.2.2 Demonstration Projects
Monitoring of representative agricultural drainage basins. As
discussed above (Section 6.2.1) this type of program is needed to provide
quantitative information on nutrient transport from agricultural lands.
Effectiveness of sediment control through soil and water conservation
programs in reducing the amounts of nutrients transported from agricultural
lands. Considerable amounts of nutrients are transported with eroded soil.
Control of soil erosion will also reduce the amounts of soluble nutrients
transported from soil. Projects such as those described for Allen County,
Indiana and Washington County, Wisconsin (See Section 3.9) are needed to
determine whether soil conservation and sediment control programs are
effective in reducing sufficiently the transport of nutrients from
agricultural lands, and whether these programs can be implemented under
existing legislation, policy and institutional arrangements.
6.2.3 Development of New Technology
It is likely that the basic technology exists to control nutrient
transport from most agricultural lands through appropriate farming
practices and soil erosion control programs.
Furthermore, it is likely
that technology can and will improve.
However, the research and
demonstration projects described above are needed to establish sufficiency
of existing technology.
If this technology is found to be adequate, the
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major problem remaining is implementing the appropriate technology
throughout the Basin. Since agriculture is likely to become more
intensive to increase food production per unit area, fertilizer use
technology should receive careful attention. Excessive fertilizer use
will become less economical and may be detrimental to water quality.
Methods of assessing fertilizer needs should be examined closely to
ensure that these methods predict the appropriate time, rate, type and
method of fertilizer application so that a high level of production can
be maintained with minimal harmful effects on water quality.
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 Section I—l
INTRODUCTION
In
thi
s p
ape
r,
sed
ime
nt
to
the
Lak
es
is
the
pro
duc
t
of
she
et
and
gul
ly
ero
sio
n o
f t
he
soi
ls
fro
m t
he
agr
icu
ltu
ral
and
urb
an
lan
d u
se
cat
ego
rie
s
onl
y.
The
lar
ger
sed
ime
nt
yie
ld
rat
es
mea
sur
ed
on
the
maj
or
str
eam
s
in
the
bas
in
are
87
met
ric
ton
s
per
squ
are
kil
ome
ter
(25
0
ton
s
pe
r
sq
ua
re
mil
e)
fr
om
the
Cu
ya
ho
ga
Ri
ve
r
at
In
de
pe
nd
en
ce
,
Ohi
o
and
263
met
ric
ton
s p
er
squ
are
kil
ome
ter
(75
0 t
ons
per
squ
are
mil
e)
fr
om
the
Ge
ne
se
e
Ri
ve
r
in
Ne
w
Yor
k.
Wh
il
e
the
se
se
di
me
nt
yie
ld
s
are
mod
era
tel
y
low
in
com
par
iso
n t
o
oth
er
par
ts
of
the
U.
S.,
sed
ime
nt
yie
lds
of
thi
s
mag
nit
ude
can
cau
se
ser
iou
s
pro
blm
es
to
har
bor
s
and
fis
h.
The
sed
ime
nt
is
a c
arr
ier
of
nut
rie
nt
ele
men
ts
and
pes
tic
ide
s.
It
als
o
cre
ate
s
tur
bid
ity
in
the
str
eam
s
and
the
Gre
at
Lak
es.
Ero
sio
n
cre
ate
s
a w
ide
ran
ge
of
sed
ime
nt
siz
es
ran
gin
g
fro
m
coa
rse
to
fin
e
gra
ine
d
mat
eri
al.
Par
tic
les
of
all
siz
e
fra
cti
ons
no
dou
bt
are
con
tri
but
ed
as
sed
ime
nt
yie
ld
to
the
Lak
es.
The
maj
or
por
tio
n o
f t
he
sed
ime
nt,
how
eve
r,
is
fin
e
gra
ine
d.
Th
e
mo
st
se
ve
re
er
os
io
n
oc
cu
rs
ar
ou
nd
the
so
ut
he
rn
en
d
of
Lak
e
Mic
hig
an
and
sou
th
of
Lak
es
Eri
e
and
Ont
ari
o.
Riv
ers
and
str
eam
s
whi
ch
dra
in
thi
s
are
a r
efl
ect
the
se
hig
her
ero
sio
n
rat
es
by
a c
orr
es-
pon
din
g h
igh
er
sed
ime
nt
yie
ld
tha
n
in
oth
er
str
eam
s
in
the
bas
in.
  
   
Section I-2
SUMMARY
OF
FINDINGS
AND
CONCLUSIONS
Sediment
yield
to
the
Lakes
from
erosion
on
agricultural
and
urban
land
from
the
U.
S.
portion
of
the
Basin
can
be
estimated
with
reasonable
accuracy.
Wise
land
use
and effective
use
of
soil
conser—
vation
systems
can
effectively
reduce
or
minimize
these
sedimentation
problems.
Conservation
practices
which
are
a
part
of
these
systems
reduce
runoff
and
erosion.
If
the
conservation
program
for
the
future
is
of
similar
magnitude
to
that
of
the
past,
then
the
sediment
yield
to
the
Lakes
is
expected
to
remain
about
the
same
as
present
until
1980
and
decline
slightly
below
present
levels
in
2000.
With
pre—
sent
rates
of
land
treatment
by
2020
the
sediment
yield
is
expected
to
increase
to
about
6%
above
the
present
figure.
This
variation
in
yield
is
due
mainly
to
an
expected
decline
and
then
increased
demand
for
row
crops
in
the
Basin.
The
general
upward
trend
in
yield
is
attributed
to
the
projected
continuing
increase
in
areas
undergoing
urban
construction.
If
the
conservation
program
is
increased
above
the
present
rates,
then
a
significant
decrease
in
sediment
yield
can
be
expected.
The
amount
of
decrease
will
be
directly
related
to
the
amount
of
soil
conservation
practices
which
can
be
installed.
If
the
estimates
developed
in
this
paper
are
to
be
refined,
new
studies
will
be
needed.
These
studies
will
be
in
the
nature
of
re—
search,
data
gathering,
and
an
expanded
water
quality
monitoring
pro—
gram.
The
research
needs
are
quite
broad
and
cover
items
such
as
re-
finement
of
sediment
delivery
ratios
for
large
watersheds,
effect
of
land
treatment
on
sediment
yield
from
large
watersheds
and
refine—
ment
of
the
factors
influencing
erosion
and
sediment
yield
from
ur—
ban
land.
The
data
gathering
should
include
remeasuring
of
sediment
in
reservoirs
already
measured
and
the
measurement
of
new
reservoirs.
Expanding
the
water
quality
monitoring
program
would
be
necessary.
The
addition
of
more
sediment
gauging
stations
in
the
program
for
an
adequate
period
of
time
would
provide
the
data
to
predict
sediment
yield
to
the
Lakes
more
accurately.
These
stations
will
also
pro—
vide
data
on
the
effect
of
changes
in
land
use
on
sediment
yield.
 
 Section 1—3
RECOMMENDATIONS
Acc
ura
te
and
rel
iab
le
est
ima
tes
are
nee
ded
on
the
sed
ime
nt
yie
ld
to t
he L
akes
. A
ddit
iona
l st
ream
gaug
ing
stat
ions
wher
e se
dime
nt i
s
mea
sur
ed
are
req
uir
ed.
Man
y m
ore
sta
tio
ns
loc
ate
d n
ear
the
jun
cti
on
of
the
str
eam
and
lake
are
nee
ded
to
mea
sur
e t
otal
sus
pen
ded
load
fro
m t
he
str
eam
s f
low
ing
dir
ect
ly
into
the
lake
.
Add
iti
ona
l s
tat
ion
s
on
the
str
eam
s w
ith
in
the
wat
ers
hed
are
req
uir
ed
to
pro
vid
e d
ata
wit
h
whi
ch
sed
ime
nt
yie
ld
fro
m d
iff
ere
nt
land
uses
can
be
det
erm
ine
d.
One
of
the
bas
ic
pro
ced
ure
s u
sed
in
sed
ime
nta
tio
n w
ork
uti
liz
es
sed
ime
nt
del
ive
ry
rat
io
as
a t
ech
niq
ue
to
red
uce
gro
ss
ero
sio
n t
o s
edi-
men
t y
iel
d.
The
sed
ime
nt
del
ive
ry
rat
io
curv
e n
ow
in
use
was
not
dev
elo
ped
for
use
on
larg
e w
ate
rsh
eds
.
Res
ear
ch
sho
uld
be
don
e t
o
dev
elo
p a
new
cur
ve
whi
ch
is
val
id
for
lar
ge
wat
ers
hed
s.
It
is
des
ira
ble
to
sta
rt
a p
rog
ram
to
mea
sur
e s
edi
men
t i
n a
ll
res
erv
oir
s w
hic
h m
eet
the
req
uir
eme
nts
for
this
typ
e o
f o
per
ati
on.
Res
erv
oir
s w
hic
h h
ave
not
bee
n m
eas
ure
d a
s w
ell
as
tho
se
mea
sur
ed
pre
vio
usl
y s
hou
ld
be
bro
ugh
t u
nde
r t
his
pro
gra
m.
The
se
dat
a w
ill
hel
p r
efi
ne
(l)
sed
ime
nt
yie
ld
fro
m l
arg
e w
ate
rsh
eds
, (
2)
sed
ime
nt
del
ive
ry
rati
o,
(3)
the
eff
ect
of
land
tre
atm
ent
on
sed
ime
nt
yie
ld
on
lar
ge
wat
ers
hed
s,
(4)
sed
ime
nt
yie
ld
fro
m a
nd
the
eff
ect
of
lan
d t
rea
tme
nt
on
soi
ls
und
erg
oin
g u
rba
n c
ons
tru
cti
on
and
(5)
sed
i—
ment yield from settled urban areas.
Res
ear
ch
sho
uld
be
int
ens
ifi
ed
to
det
erm
ine
the
mag
nit
ude
of
sed
ime
nt
yie
ld
fro
m u
rba
n l
and
and
fro
m s
oil
s u
nde
rgo
ing
urb
an
con
str
uct
ion
.
Mat
eri
al
gat
her
ed
fro
m t
his
stu
dy
can
be
use
d t
o r
e-
fine
pro
ced
ure
s f
or
pre
dic
tin
g s
edi
men
t y
iel
d f
rom
the
se
type
s o
f
areas.
Ord
ina
nce
s a
nd
reg
ula
tio
ns
sho
uld
be
dev
elo
ped
in
eac
h s
tat
e
on
the
con
tro
l o
f e
ros
ion
, r
uno
ff
and
sed
ime
nt.
The
se
ord
ina
nce
s
sho
uld
be
ade
qua
tel
y f
und
ed
so
tha
t t
hei
r o
per
ati
on
and
enf
orc
eme
nt
is insured.
The
re
sho
uld
be
a p
rog
ram
whi
ch
wou
ld
off
er
the
far
mer
and
urb
an
dev
elo
per
an
inc
ent
ive
to
app
ly
sed
ime
nt
con
tro
l m
eas
ure
s.
Thi
s
could be in the form of cost-sharing or tax write-off.
  
  
Section II—l
INTRODUCTION
Po
ll
ut
io
n
of
th
e
Gr
ea
t
La
ke
s
by
se
di
me
nt
ha
s
be
en
go
in
g
on
si
nc
e
th
e
La
ke
s
we
re
fo
rm
ed
.
Th
is
se
di
me
nt
wa
s
fr
om
wh
at
is
co
ns
id
er
ed
no
rm
al
or
ge
ol
og
ic
er
os
io
n.
It
wa
s
on
ly
wh
en
ma
n
ma
ni
pu
la
te
d
th
e
ve
ge
ta
ti
on
an
d
la
nd
us
e
fo
r
hi
s
ow
n
en
ds
th
at
th
e
er
os
io
n
on
th
e
la
nd
an
d
se
di
me
nt
yi
el
d
to
th
e
La
ke
s
ma
de
a
si
gn
if
ic
an
t
in
cr
ea
se
.
Si
nc
e
st
ud
ie
s
of
po
ll
ut
io
n
to
th
e
La
ke
s
be
ga
n,
it
ha
s
be
en
re
co
gn
iz
ed
th
at
ag
ri
cu
lt
ur
al
se
di
me
nt
,
fr
om
th
e
st
an
dp
oi
nt
of
bu
lk
,
is
th
e
ma
jo
r
po
ll
ut
an
t
to
th
e
La
ke
s.
Ho
we
ve
r,
to
si
mp
ly
br
an
d
it
as
th
e
mo
st
se
ri
-
ou
s
po
ll
ut
an
t
be
ca
us
e
of
qu
an
ti
ty
ma
y
be
an
er
ro
ne
ou
s
co
nc
lu
si
on
.
Se
di
me
nt
yi
el
d
to
th
e
Gr
ea
t
La
ke
s
wa
s
es
ti
ma
te
d
to
be
45
3,
90
0
me
tr
ic
to
ns
(5
00
,0
00
sh
or
t
to
ns
)
pe
r
ye
ar
in
th
e
ea
rl
y
18
00
's
.
Th
is
yi
el
d
ha
s
no
w
in
cr
ea
se
d
to
ab
ou
t
4,
31
6,
20
0
me
tr
ic
to
ns
(4
,7
57
,8
00
sh
or
t
to
ns
)
an
d
un
le
ss
an
in
te
ns
iv
e
la
nd
tr
ea
tm
en
t
pr
og
ra
m
is
in
st
i—
tu
te
d
th
e
se
di
me
nt
yi
el
d
is
ex
pe
ct
ed
to
in
cr
ea
se
to
4,
55
7,
10
0
me
tr
ic
to
ns
{5
,6
23
,0
00
sh
or
t
to
ns
)
by
20
20
.
Se
di
me
nt
yi
el
ds
of
th
is
ma
gn
i-
tu
de
,
wh
il
e
la
rg
er
th
an
th
ey
sh
ou
ld
be
fo
r
th
e
in
te
ns
it
y
of
de
ve
lo
p—
me
nt
wh
ic
h
ex
is
ts
,
ar
e
no
t
a
se
ri
ou
s
pr
ob
le
m
to
th
e
Gr
ea
t
La
ke
s
as
a
wh
ol
e.
Se
ri
ou
s
lo
ca
l
pr
ob
le
ms
ex
is
t
wh
er
e
st
re
am
s
di
sc
ha
rg
e
se
di
me
nt
in
to
th
e
La
ke
s.
Se
di
me
nt
at
th
es
e
lo
ca
ti
on
s
de
po
si
ts
in
ha
rb
or
s,
de
st
ro
ys
fi
sh
ha
bi
ta
t,
re
du
ce
s
th
e
re
cr
ea
ti
on
al
va
lu
e
of
th
e
la
ke
,
an
d
in
cr
ea
se
s
mu
ni
ci
pa
l
wa
te
r
tr
ea
tm
en
t
co
st
s.
 Section II—2
SCOPE OF STUDY
The
de
ta
il
s
of
thi
s
st
ud
y
co
ver
se
di
me
nt
fr
om
sh
ee
t
and
gu
ll
y
er
os
io
n
on
ag
ri
cu
lt
ur
al
lan
d
an
d
ur
ba
n
are
as
bu
t
no
t
fr
om
st
re
am
-
ban
k
ero
sio
n,
for
est
ed
lan
d,
tra
nsp
ort
ati
on
fac
ili
tie
s,
min
ing
pro
p-
ert
y,
or
re
cr
ea
ti
on
lan
d.
In
fo
rm
at
io
n
on
se
di
me
nt
fr
om
th
es
e
cat
e—
gor
ies
wil
l
be
loc
ate
d
in
the
ir
res
pec
tiv
e
rep
ort
s.
Ori
gin
all
y
the
se
di
me
nt
as
se
ss
me
nt
fr
om
ur
ba
n
lan
d
was
to
be
the
po
in
t
wh
er
e
se
di
me
nt
en
te
re
d
se
wer
s
or
ma
n—
ma
de
co
nv
ey
an
ce
s.
Thi
s
typ
e
of
br
ea
k-
do
wn
was
not
po
ss
ib
le
wi
th
in
the
tim
e
al
lo
tt
ed
so
thi
s
re
po
rt
in-
clu
des
all
se
di
me
nt
fr
om
sh
ee
t
an
d
gu
ll
y
er
os
io
n
on
ur
ba
n
lan
d.
The
ma
te
ri
al
co
ns
id
er
ed
fo
r
th
is
st
ud
y
co
ve
re
d
a
wi
de
ra
ng
e,
al
l
th
e
wa
y
fr
om
ge
ne
ra
l
re
po
rt
s
on
se
di
me
nt
at
io
n
to
pa
pe
rs
on
sp
ec
if
ic
subjects within the field.
Th
er
e
we
re
se
ve
ra
l
so
ur
ce
s
of
da
ta
wh
ic
h
we
re
co
ns
id
er
ed
.
Th
ey
in
cl
ud
e
fil
es
of
the
Soi
l
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Section II~3
STUDY PROCEDURE
The study was accomplished by first conducting a literature re—
view. After this review contacts were madewith various research
personnel for interviews. The list of interviews does not necessarily
represent all individuals working on these “categories” who could
contribute data. It really represents those individuals which be-
cause of time and budget limitations could be contacted during the
course of normal work.
Interviews were held with:
Ohio State University
Agronomy Department
Dr. L. P. Wilding
Dr. T. Logan
Agricultural Engineering Department
Dr. G. O. Schwab
University of Cincinnati
Geology Department
Dr. P. E. Potter
Purdue University
Agronomy Department
Dr. J. V. Mannering
Dr. D. Wiersma
Agricultural Engineering Department
Dr. E. J. Monke
Agricultural Research Service
W. H. Wischmeier, Research Statistician
Soil Conservation Service
Lansing, Michigan
J. Thompson, Geologist
Madison, Wisconsin
P. Cavanaugh, River BasinParty Leader
R. N. Cheetham, Jr., Geologist
Columbus, Ohio
J. H. Harrington, Jr., State Conservation Engineer
Indianapolis, Indiana
E. Pope, State Conservation Engineer
L. Kimberlin, State Resource Conservationist
C. Gossett, Geologist
 
 Sources of literature which were reviewed are as follows:
1. Files of the Soil Conservation Service
2. Annotated Bibliography on Hydrology 1951—1954 and Sedi-
mentation 1950—1954. Bulletin No. 7, Dec. 1955, Sub—
committee on Hydrology and Sedimentation - Inter-Agency
Committee on Water Resources.
3. Annotated Bibliography on Hydrology and Sedimentation 1959—
1962 (U. S. and Canada). Bulletin No. 8, Sept. 1964, Sub-
committees on Hydrology and Sedimentation — Inter—Agency
Committee on Water Resources.
4. Annotated Bibliography on Hydrology and Sedimentation 1963-
1965, Bulletin No. 9, June 1969, Hydrology and Sedimentation
Subcommittee - Water Resources Council.
5. Annotated Bibliography on Hydrology and Sedimentation 1966—
1968, Bulletin No. 10, July 1970, Hydrology and Sedimentation .
Subcommittee - Water Resources Council. is}.
 
6. Annotated Bibliography on Hydrology and Sedimentation United
States and Canada, 1955—1958. United States Geological Sur—
vey, Water Supply Paper 1546, 1962.
Bulletin No. 2, Feb. 1950, Committee on Sedimentation —
Federal Inter-Agency River Basin Committee.
8. Catalog of Information on Water Data, Water Resources
Region (04) Great Lakes, Edition 1972. United States
1
I
7. Annotated Bibliography on Sedimentation. Sedimentation '
1
Geological Survey. ‘
9. Current Research Information System, USDA.
10. Great Lakes Framework Study, 1970.
11. Inventory of Published and Unpublished Sediment-Load Data
in the U. S. Sedimentation Bulletin No. 1, April 1949,
Subcommittee on Sedimentation, Federal Inter—Agency
River Basin Committee.
 
12. Inventory of Published and Unpublished Sediment—Load Data
United States and Puerto Rico, 1950-1960. U. S. Geological
Survey Water Supply Paper 1547, 1962.
13. Summary of Reservoir Sediment Deposition Surveys Made in
the U. S. Through 1970. United States Department of Agri-
culture, Misc. Publication 1266, July 1973.
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 Section III—1
GENERAL DESCRIPTION OF LAND USE ACTIVITY
Sediment sources have been classified according to causative
factors, eroding agent, location and other criteria. Thus, there
are man—made (accelerated) and natural geologic erosion; water, wind,
ice and gravity erosion; and erosion of the land surface (sheet-rill)
or drainageway (gully—channel) erosion.
For the Great Lakes Basin,
the predominant sediment sources are from sheet—rill erosion of culti-
vated soils.
Agricultural land, because of type and intensity of use and be-
cause of the large area exposed and its susceptibility to erosion
supplies the greatest amount of sediment yield to the Great Lakes.
Approximately 80 percent of the sediment delivered to the Great
Lakes comes from sheet, rill and gully erosion on agricultural and
urban land.
The remainder is from sheet and gully erosion on forest
land,
from
road banks,
stream banks,
and municipal
and industrial
wastes.
The most widespread influence, other than on site land damage
from the erosion process,
is the downstream effect on water and re-
lated land resources.
Runoff water carries the product of erosion,
and other solid wastes,
and deposits this product as sediment.
Some-
times this product remains suspended in the downstream waters for
prolonged periods and constitutes a detrimental element to the
quality of water.
 
 Section III-2
LENGTH OF TIME ACTIVITIES IN PROGRESS
Erosion and the resultant sediment yield are natural processes
and as such have been continually active. Before settlement of the
land, most of the streams in the basin probably ran clear except for
periods of flood and high water. Accelerated erosion no doubt started
in the middle 1800's with land settlement, land clearing, and with
shifting much of this land into farms (22)l/. Land settlement combined
with poor farming methods and urban construction practices started the
trend which has continued until recently of an ever increasing sediment
yield to the lakes.
 
The discussion of the magnitude of erosion and sediment yields to
the Lakes during this early period is mostly conjecture because little
data on this subject were obtained until fairly recently. Even today
there are insufficient data to make more than estimates of the prob—
lem. However, the beginning of the accelerated erosion process could
not have been before land settlement and the farm population by 1850
was such that had records of soil erosion and sediment yield been kept
they certainly would have recorded a noticeable change from the period
before 1800. This has been verified by Kemp using pollen variations
in recent lake sediments (22).
 
Since the premise has been made that accelerated erosion and
sediment yield to the Lakes is related to the amount of land used as
cropland, the following table might be of interest (12).
  
Date Cropland (U. S. Portion of the Basin)
(millions of {millions of
hectares) acres)
1800 - —
1850 1.8 4.4
1920 5.3 13.0
1970 13.0 32.1
3/ Numbers in parentheses refer to references cited in section VII,
Principal References.
 
 Section III-3
TYPES AND NATURE OF POLLUTANTS ASSOCIATED WITH SEDIMENT
A large proportion of pesticides, plant nutrients, nuclear
fallout and infectious particles leave the land and enter water
bodies by attachment to sediment particles.
The amount of nitrogen, phosphorus, and potassium reaching
surface waters that can be attributed to the fertilization of agri-
cultural lands are yet unknown. Not all nutrients in waters come
from fertilizers. Large amounts come from decomposition of soil
organic matter and other sources. Little phosphorus can be lost
from most soils except by erosion. Nitrogen may be in organic
compounds carried by sediment, from decaying plants which might
have gotten the nitrogen from fertilizers, or the atmosphere.
Levels of pesticides found to move from agricultural lands
may be found in varying amounts in the runoff water and/or sedi—
ments. For example, studies by the Agricultural Research Service
show that the amount of DDT residue in soils was related to the
amount of DDT applied in previous years. The amount of DDT
dissolved in runoff water was not detectable but significant
levels were found adsorbed on surfaces of sediment particles.
 
 
 Section III—4
STATE OF THE ART
There are several ways to determine the sediment yield of a water—
shed depending upon the physical features and the data available (30).
Average annual sediment yields may be obtained from: (1) sediment load
records; (2) gross erosion and sediment delivery ratios; (3) measured
sediment accumulation; and (4) predictive equations.
Suspended load records.—-The most reliable method of determining
sediment yield from large watersheds. Suspended sediment transported
by a stream may be measured by sampling. Water discharge can be de-
termined by gaging at particular stream cross sections. Sediment
yields may be estimated from these data. When field data are obtained
in a proper manner for an appropriate period of time, the calculated
average annual suspended sediment yield can be considered quite re-
liable.
There are literally hundreds of streams draining into the Great
Lakes but unfortunately only a few have stations where suspended load
is measured. Of the 1329 stations recorded only 60 have sediment data
(10)(33). Of these 60, most of them, or 48, have a record of over 5
years but only 12 have a record over 10 years. Of those stations
with over 10 years record only 3 have weekly or daily records. Table
1 is an inventory of all sediment stations on streams in the Great
Lakes Basin showing the name of station, location, and type of in-
formation acquired (10)(33).
In order to estimate suspended load to the Lakes the stations
should be as close to the mouth of the stream as technically feasible
so as to keep unmeasured flows below the station to a minimum. Many of
the above mentioned stations are not located at the mouths of streams
but are well up in the watershed. They were not established for the
primary purpose of estimating suspended sediment yield to the Lakes.
Suspended load is only part of the total load moving in a
stream. The other portions are bed load and sediment attached to
floating material. These items are considerably more difficult to
measure. Bed load often is estimated as a percentage of suspended load.
Gross erosion and sediment delivery ratios --- This method has
been used with success by the Soil Conservation Service for many years
(30). It is well suited for estimating current sediment yields and
predicting the effect of land treatment and other measures on future
sediment yields. The estimate of sediment yield is made by use of the
following equation:
Y = E(DR)
-12-
 
   
where Y = sediment yield (tons/unit area/year)
E = gross erosion (tons/unit area/year)
DR = sediment delivery ratio (DR less than 1)
The gross or total erosion is the summation of all the water
erosion taking place.
It is developed by the use of Universal Soil
Loss Equation or other methods. The sediment delivery ratio is selec-
ted from various curves after considering the following:
(1) type of
sediment sources; (2) magnitude and proximity of sediment sources;
(3) the transport system; (4) texture of eroded material; (5) deposi—
tional areas enroute from source to point of consideration; and (6)
watershed characteristics.
The product of gross erosion and sediment
delivery ratio is the sediment yield.
While this procedure has worked well in the past, it has been de—
veloped and used on watersheds of less than 1,036 square kilometers
(400 sq. miles).
The delivery ratio curve is only plotted for water-
sheds up to 1,554 square kilometers
(600 sq. miles).
The use of this
technique
for
catchments
such
as
the Maumee
River of about
3,315
square
kilometers
(1,280 sq. miles) and The Grande River of about 14,660 square
kilometers (5,660 sq. miles) by extending the curve might be expanding
the
curve past
its
limits
of accuracy.
Also
the soil
loss
equations
were not
developed
for prediction
on
large
areas
of less
than
1 percent
slope.
However,
the data developed by this technique has checked reason-
ably well with the few suspended load stations.
Measured
sediment
accumulation
-— The measured sediment
accumula—
tion
in reservoirs
of known
age and history are
excellent
sources
of
data
for establishing sediment yields
(30).
However,
reservoir deposi-
tion and
sediment yield are not
synonymous.
The
amount of accumulated
sediment
must be divided by the reservoir's
trap
efficiency
to obtain
the
sediment
yield.
This
takes
into
account
the
amount
of
sediment
that passed through the reservoir.
The sediment yield
of an
unmeasured watershed may
be
estimated
from
that
of
a measured
watershed
in
an
area
where
the
topography,
soils,
and
land
use
are
similar.
In order
to
directly
transpose
sediment
yield
data,
the
size
of
the
drainage
area
of
the
surveyed
reservoir
should
not
be
less
than
one-half
nor
more
than
twice
that
of
the
watershed
under
considera—
tion.
Beyond
these
limitations
the annual
sediment yield may be
adjusted
on
the
basis
of
curves
and
formulas
after
considering
the
same
factors
listed
under
the
delivery
ratio
discussion.
Unfortunately
only
52
reservoirs
have
been
surveyed
in
the
Great
Lakes
Basin
and
none
of
them
have
watersheds
of
a
size
comparable
to
the
major
stream
systems
(5).
As
in
the
discussion
of
suspended
load
the
formulas
and
curves
were
developed
for
catchments
of
less
than
1,036
square
kilometers
(400
sq.
miles).
Extrapolating
this
data
to
watersheds
the
size
of
major
streams
in
the
Great
Lake
Basin
might
be
overextending
the
accuracy
of
the
curves
and
formulas.
Table
2
is
a
list
of
all
reservoirs
surveyed
for
sediment
in
the
Great
Lakes
Basin
showing
name
-13-
 of reservoir, location, date of survey, drainage area, storage
capacity, and total and average sediment accumulation.
Predictive equations —- Predictive equations based on watershed
parameters have been developed in some areas to estimate sediment
yield (30). These equations express sediment yield as a function
of a combination of several measurable, independent variables. The
variables may be the size of the drainage area, annual runoff, water-
shed shape, relief—length ratio, average slope, and expression of
the particle size of the surface soil and others.
Such equations are not numerous but, where developed, they can
be used with the understanding that their application must be confined
to the specific area they represent. All formulas of this type so
far have been developed in the western United States. Since none of
these formulas are known to have been developed which are applicable
to the Great Lakes Basin this approach does not appear viable.
A review of the methods used to predict or determine sediment
yield would be incomplete without a discussion of erosion and prob-
lems of determining its magnitude.
Investigations have identified the basic factors involved in
the sheet erosion process to be rainfall, soil erodibility, slope
length, slope gradient, kind and condition of cover and an erosion
control factor such as contouring. These factors have been incor-
porated into equations that provide a means of obtaining a quanti-
tative estimate of the amount of soil material moved by the sheet
erosion process. The basic procedure and weaknesses as applied
to the Great Lakes Basin were mentioned previously under gross ero-
sion and sediment delivery ratios.
The factors listed above most susceptible to change by man
are kind and condition of soil cover and slope length. When the
kind or condition of the soil cover is improved such as using a
cover crop rather than leaving the land bare or the slope length
decreased by means of terraces less soil is eroded. A quantitative
estimate of the change can be determined by use of the equations.
Information obtained in this manner is normally from small catchments
because the factors necessary for use in the equation are not usually
available for the larger basins. Also, while we know that structural
measures, which can effect slope length, can cause a reduction of
erosion we do not have precise techniques for predicting the exact
amount ofthis reduction from large areas.
Gullies usually follow rill erosion, beginning in slight depres-
sions of the land surface where in time the concentrated flow may
cut a considerable channel. The shape of the channel is generally
influenced by the relative resistance of the soil or underlying rock.
-14-
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e
ar
e
fe
w
ga
ug
in
g
st
at
io
ns
or
re
se
rv
oi
rs
lo
ca
te
d
on
sm
al
l
wa
te
rs
he
ds
wh
er
e
ur
ba
ns
ed
im
en
t
ca
n
be measured.
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Another method is to use the gross erosion and sediment delivery
ratio technique. Watersheds under urban development usually are
small enough that size is not a limitation. However, potential soil
loss equations were not developed with urban criteria so modification
of the equations could introduce an error.
A topic which has not been didcussed is the availability of
soils information. This information is in Published Soil Surveys.
Published Soil Surveys contain a wealth of data which is essential
for making predictions on erosion, sediment yield and planning for
conservation treatment. Soil series and phase, and land capability
classification are but a few of the items available in the report
which are useful to the individual working in this discipline.
The attached map of the Annual Status of Soil Surveys shows
that mapping is completed or in progress on approximately 98% of
the U. 5. portion of the Basin and that emphasis for completion
is given to the most intensively used areas. It also shows that
mapping is less than 50% complete in about 60% of the Basin. For
small detailed sedimentation studies where published soil surveys
are not available personal interviews with the soil survey party
leader can probably furnish sufficient data. It would not be
practicable to interview all the individuals necessary for a
lar
ge
bro
ad
gen
era
l s
tudy
.
In
this
case
it
wou
ld
be
most
des
ira
ble
to
hav
e P
ubl
ish
ed
Soil
Sur
veys
avai
labl
e.
The
late
st
est
ima
te
on
com
ple
tio
n o
f s
oil
map
pin
g i
n t
he
Bas
in
is
1995
wit
h p
res
ent
fund
s,
or 1990 with additional funds.
Soi
ls
inf
orm
ati
on
wit
h a
les
s i
nte
nsi
ve
app
roa
ch
tha
n t
hat
con
tai
ned
in
the
Soil
Sur
vey
Rep
ortca
n b
e o
bta
ine
d f
rom
a G
ene
ral
Soil
Map.
Such
maps
hav
e b
een
com
ple
ted
for
all
stat
es
in
the
U.
S.
por
tio
n o
f t
he
Bas
in.
Gen
era
l S
oil
Map
s a
re
als
o a
vai
lab
le
for
most counties.
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PART B
—— QUAL
lTY O
F SUR
FACE
WATER
Statio
ns in
this P
art ar
e arra
nged i
n dow
nstre
am ord
er. Th
at
is, s
tati
ons
are
liste
d in
a do
wnst
rea
m di
rect
ion
alon
g th
e ma
in
stre
am,
and
stat
ions
on
trib
utar
ies
are
liste
d b
etwe
en
main
-
stre
am
stat
ions
that
are
upst
ream
and
down
str
eam
from
the
mou
th o
f th
e tr
ibut
ary.
Stat
ions
on t
ribu
tari
es t
hat e
nter
abov
e
the
firs
t m
ain
-st
rea
m s
tati
on
are
list
ed
bef
ore
the
first
mai
n—
str
eam
stat
ion.
Stat
ions
on
trib
utar
ies
to t
ribu
tari
es a
re l
iste
d in
a s
im
il
ar
ma
nn
er
.
Pag
es
in t
his
list
ing
are
arr
ang
ed
so
tha
t s
tat
ion
ide
nti
fic
ati
on.
inc
lud
ing
per
iod
of
rec
ord
and
sto
rag
e o
f d
ata
. a
re
on
the
left
-
han
d
pag
es,
and
the
typ
es
of
dat
a a
vai
lab
le
are
on
the
fac
ing
rig
ht-
han
d p
age
s.
Fol
low
ing
are
bri
ef
exp
lan
ati
ons
of
the
maj
or
col
umn
hea
din
gs o
f th
e st
atio
n li
stin
gs i
n Pa
rt
B:
Expl
anat
ion
of M
ajor
Col
umn
Head
ings
in Pa
rt B
Ma
p N
umb
er
Geo
gra
phi
c u
nit
and
sub
uni
t i
n w
hic
h s
tati
on
is l
ocat
ed
(see
Fi
g.
l)
.
Ol
t’
DC
Nu
mb
er
Thi
s n
umb
er,
ass
ign
ed
by
OW
DC
. i
s u
sed
to
ide
nti
fy
a s
pec
ifi
c
data
-acq
uisi
tion
acti
vity
inc
lud
ed i
n th
e Ca
talo
g, a
nd
to c
ross
tie
the
ent
ry
in t
he
list
ing
wit
h th
e pl
ot o
n th
e c
omp
ani
on
stat
ion-
locati
on map
s.
Agenc
y Sta
tion N
umbe
r and
Name
Assigned b
y reporting
agency. To
meet space
limitations,
the
following a
bbreviation
s generally
are used in
the station
names;
in some ins
tances, othe
rs may hav
e been used
:
AB
Abov
e
MF
BL
Belo
w
NF
B
Bran
ch
SF
EB
East B
ranch
WF
MB
Midd
le B
ranc
h
L
NB
Nort
h Br
anch
LK
SB
Sout
h Br
anch
M
Midd
le
WB
West
Branc
h
N
North
BK
Broo
k
NR
Near
C
Cree
k
P
Pon
d
CA
Cana
l
R
Rive
r
CL
Coul
ee
RE
Rese
rvoi
r
l)
Ditch
RN
Run
Dl
Distr
ibuta
ry
S
Sout
h
E
East
STR
Str
eam
ES
Estu
ary
TR
Trib
utar
y
F
For
k
W
Wes
t
EF
East
Fork
Middle Fork
North
Fork
South Fork
West
Fork
Little
Lake
Lat
itu
de-
Lon
git
ude
As g
iven
by t
he r
epor
ting
agen
cy.
 
 St
at
e
an
d
Co
un
ty
Symbols are used for States (and other areas). and code
numbers are used for counties and independent cities in accord-
ance with Federal Information Processing Standards (see Table
4).
Site
Type of water body for which data are acquired at the listed
station: Stream, Canal, Lake, Reservoir (Reser), Estuary
(Estary), Spring. Drain, Other.
Period of Record
Calendar year of beginning or ending of station activity.
Interrupted Record
Asterisk (*) indicates that during the period of record, data
acquisition was suspended one or more times for an interval of
one yea
r or mor
e.
Storage
of Data
Asterisk (*) indicates in what form data are stored.
~
2
0
-
 
Types of Data
Frequ mey of determination or measurement of a parameter
listed is indicated by the following numbers. lfpart or all of the
data are telemetered, this is shown by the letter “T.”
Monthly
Quarterly
Annual
Other periodic
l. Continuous
2. Seasonal
3. Daily
4
.
v
i
x
o
'
b
'
o
o
'
An asterisk (*) indicates that the parameter has been measured,
but the measurement was discontinued. or that frequency is
unknown.
Supplementary data
Asterisks (*) are used in appropriate columns to indicate other
types of water-data activities at the site.
Age/Icy Reporting
Agency codes are given in Table l.
-
2
1
-
111-4
 
Table 2 Rese
rvoir Sedime
nt Surveys i
n the U. S.
Portion of t
he Great Lak
es Basin
 
1
/
0
1
1
0
.
Reservoir
Lake Rockwell
ditto
Babb Pond
ditto
Basom Pond
ditto
Christener Pd.
ditto
Schoenbeck Pd.
dit
to
East Branch
ditto
Centerville
Mills
ditto
Grand
ditto
Goller Pond
ditto
Auglaizer
Power
d
i
t
t
o
1/ From Great Lakes
Nearest
Town - State
Kent, Ohio
ditto
Richfield, Ohio
ditto
Hudson, Ohio
ditto
Parma, Ohio
ditto
Richfield, Ohio
ditto
Burton, Ohio
ditto
Aurora, Ohio
ditto
Celina, Ohio
ditto
Defiance, Ohio
ditto
mﬁmw,%m
ditto
Basin Framework Study, App.
Date of
Survey
Aug. 1914
Aug. 1950
19
32
Apr. 1951
19
44
Apr. 1951
1940
Apr. 1951
1940
Apr. 1951
1939
Jun. 1949
1855
1949
1844
Aug. 1940
Mar. 1945
Aug. 1951
1912
1951
Net
Sq
Km
521
.4
ditto
0.05
ditto
0
.
8
3
ditto
ditto
0.08
ditto
43.
72
ditto
26.9
ditto
240.9
ditto
0.06
ditto
6,024
ditto
18, Erosion
Drainage
Area
Sq Mi
(124.10)
dit
to
(0.
02)
ditto
(0.32)
ditto
(0.09)
dit
to
(0.03)
ditto
(16.88)
ditto
(10.38)
ditto
(93.0)
ditto
(0.0
24)
ditto
(2,326.0)
ditto
Total Sediment
Accum.
Storage
Capacity
Average Annual
Sediment Accum.
Cu M Ac Ft Cu M Ac Ft Cu M Ac Ft
9,160,
000
(7,423
.0)
—
—
-
_
8,499,000 (6,887.0) 661,400 (536.0) 18,400 (14.88)
302 (0.245) - — - -
233 (0.189)
69 (0.056) 4 (0.003)
4,780
(3.87)
—
-
_
_
4,000 (3.24)
780 (0.63) 120 (0.096)
4,200 (3.40) ~
-
-
_
3,440 (2.79)
750 (0.61) 68 (0.055)
1,830
(1.48)
_
-
-
_
1,590 (1.29) 230 (0.19) 21 ,(0.017)
5,749,000 (4,659.0) - - - —
5,596,000 (4,535.0) 153,000 (124.0) 15,300 (12.4)
106,500 (86.3) - - — —
47,300 (38.3) 54,300 (44.0) 580 (0.463)
160,636,
000 (
130,175)
-
—
-
_
131,551,000 (106,605) 29,085,000 (23,570.0) 303,000 (245.5)
11,700
(9.5)
—
_
-
-
11,600 (9.4) 123 (0.1) 19 (0.015)
17,770,000
(14,400.0)
-
-
-
‘
14,314,000 (11,600.0) 3,455,200 (2,800.0) 88,500 (71.75)
and Sedimentation.
  
  
Table 2
continu
ed
I
n
.
4
1
4
.
a
n
.
4
Reservoir
w
]
'gle Creek
 
Beetree Creek
ditto
Butt Pond
Harrison Lake
Nearest
Town - State
Defiance, Ohio
ditto
Defiance, Ohio
 
Date of
Su
rv
ev
Jul.
Ju
n.
Ju
l.
19
12
1951
19
12
1951
1947
1951
1941
1949
 
Sixziie Creek
Bur:
Lake
ditto
Kohart
Pond
ditto
ditto
 
001,
Ohio
ditto
Grover Hill,
Ohio
oitto
Ju
n.
Jul.
1949
1947
1951
Net Drainage
Ar
ea
Sq Km
Sq Mi
13.5 (5.2)
ditto ditto
5.0 (1.91)
ditto
(0.012)
ditto ditto
96.0
(37.0)
ditto ditto
ditto
(0.035)
ditto
7.2
2.79)
ditto ditto
0.34 (0.13)
ditto ditto
55.4 (31.4)
ditto ditto
1.9 (0.74)
ditto
ditto
0.05 (0.019)
ditto
Storage
Capacity
Cu
M
159,000
91,300
132,000
3,090
1,22
3,00
0
1,146,500
1,113,500
0,270
5.810
293,000
309,000
11,350
$55,000
2,800
70,340
2,930
2,590
Ac Ft
(129.0)
(74.0)
(143.0)
(104.0)
(2.6)
(2.5)
(991.0)
(92
.1)
(9
02
.4
)
(5.
08)
(4.71)
(241.0)
(213.0)
(9.2)
(7.9)
(995.0)
(096.0)
(59.0)
(57.0)
(2.
4)
Total Sediment
Accum.
Cu
M
67,870
76,400
33,000
457
29,620
1,600
369,000
2,470
123
(24.0)
(1.3)
(299.0)
(2.0)
(0.1)
Average Annual
Sedimen
t Accum
.
Ac Ft
Cu
M
  
as
(0.055
)
988 (0.8)
401
(0.325)
9,4
70 (7.67)
881 (0.714)
16 (0.0128)
 
 -
2
3
.
.
 
Tab
le
2 c
ont
inu
ed
   
23
mN
2
6
.
Reservoir
Van Buren Lake
ditto
ditto
Lake Rushford
ditto
Mount Morris
ditto
ditto
Orchard Park
Saline Mill
Bridgeway
Franklin Mill
Tecumseh
(Evans)
Sharon Hollow
Norvell
Brooklyn
Manchester
(Power)
Manchester
(Mill)
Kent Lake
Nearest
Town - State
Findlay, Ohio
ditto
Nov.
ditto
Aug.
Coneadea, N.Y.
ditto
Mt. Morris,
N.Y.
Mt.
Morris,
N.Y.
Mt.
Morris,
N.Y.
Buffalo,
N.Y.
Saline, Mich.
Mar.
Ann Arbor, Mich. Mar.
Franklin, Mich.
Apr.
Tecumseh, Mich.
Apr.
Manchester,
Mich.
May,
Norvell, Mich. May,
Brooklyn, Mich. May,
Manchester,
Mich.
May,
Manchester,
Mich.
May,
Milford, Mich.
Jun.
Date of
Survev
1939
1948
1951
1925
1951
1951
19
57
1963
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
Net Drainage
Sq Km
58.8
ditto
ditto
157.2
ditto
2619
ditto
ditto
4.4
163.2
19.4
68.1
64.8
65.5
16.1
16.6
44.0
114.0
Area
Sq Mi
(22.72)
ditto
ditto
(60.7)
ditto
(1011.0)
ditto
ditto
(1.7)
(63.0)
(7.5)
(26.3)
(25.0)
(25.3)
(6.2)
(6.
4)
(17.0)
(44.0)
Storage
Capacity
Cu
M
306,000
253,000
229,500
34,552,000
33,844,000
417,104,000
415,378,000
413,875,000
296,000
94,600
120,700
281,100
318,500
885,500
307,600
356,500
26,300
26,166,000
Ac
Ft
(248.0)
(205.0)
(186.0)
(28,000.0)
(27,426.0)
(338,010.0)
(336,611.0)
(335,393.0)
(240.1)
(76.7)
(97
.8)
(227.8)
(258.1)
(717.6)
(249.3)
(288.9)
(21.3)
(21,204.0)
Total Sediment
Cu
M
53,100
23,400
708,300
1,714,000
3,106,000
136,400
35,500
104,500
164,200
140,900
265,700
77,700
36,300
12,960
2,628,000
Accum.
Ac Ft
(43.0)
(19.0)
(574.0)
(1,389.0)
(2,517.0)
(110.5)
(28.8)
(84.7)
(133.1)
(114.2)
(215.3)
(63)
(29.4)
(10.5)
2,130)
Average Annual
Sediment Accum.
Cu M
5,580
8,370
27,270
285,000
269,000
284
4,390
864
790
1,160
3,330
2,650
3,700
1,580
210
136,600
Ac Ft
(4.52)
(6.78)
(22.1)
(231.0)
(218.0)
(0.23)
(3.56)
(0.70)
(0.64)
(0.
94)
(
2
.
7
)
(2.15)
(3.0)
(1.28)
(0.
17)
(11
0.7
)
 
  
Table 2 continued
 
Net Drainage
Storage
Total Sediment
Average Annual
Nearest
Date of
Area
Capacity
Accum.
Sediment Accum.
Reservoir
Town - State
Survey
Sq Km
Sq Mi
Cu M
Ac Ft
Cu M
Ac Ft
Cu M
Ac Ft
3
5
Stony Creek
M‘. Vernon,
(North)
Mich.
Jun.
1969
145.0
(56.0)
1,229,100
(996.0)
139,440
(113)
22,130
(17.93)
36.
Stony
Creek
Mt.
Vernon,
(South)
Mich.
Jun.
1969
145.0
(56.0)
4,848,000
(3,929.0)
330,700
(268)
52,490
(42.54)
37.
Oakwonds
Flat
Rock,
Metro.
Mich.
Jun.
1969
81.8
(31.6)
1,161,400
(941.2)
372,000
(301.5)
8,450
(6.85)
38.
Bellevi11e
Belleville,
.
Mich.
Jul.
1969
52.6
(20.3)
24,612,000
(19,945.0)
2,424,800
(1,965)
60,710
(49.2
39.
Ford
Lake
Ypsilanti,
Mich.
Jul.
1969
29.0
(11.2)
22,121,000
(17,926.0)
2,271,800
(1,841)
63,060
(51.1)
40.
Barton Pond
Ann Arbor,
Mich. Jul.
1969
474.0
(183.0)
3,887,100
(3,150.0)
677,500
(549)
12,550
(10.17)
41.
Iron
M111
Manchester,
Mich.
Aug.
1969
13.5
(5.2)
1,913,900
(1,551.0)
485,000
(393)
4,850
(3.93)
 
,
42.
Tecums
?ecumseh,
2
Red
(M111)
Mich.
Aug.
1969
67.1
(25.9)
855,400
(677.0)
420,800
(341)
4,210
(3.41)
43.
H.
N.
Fry
Onsted,
Mich.
Aug.
1969
32.4
(12.5)
149,700
(121.3)
6,540
(5.3)
938
(0.76)
.
V
V
Newburgh
Plymouth,
Mich.
Sep.
1969
140.6
(54.3)
824,100
(667.8)
129,400
(104.9)
3,590
(2.91)
45.
Adrian
Adrian,
Mich.
Sep.
1969
152.8
(59.0)
1,234,000
(1,000.0)
183,900
(149.0)
6,570
(5.32)
46.
Waterford
Northville,
Mich.
Sep.
1969
140.0
(54.0)
213,480
(173.0)
88,800
(72.0)
888
(0.72)
~i.
Phoenix
Plymouth,
Mich.
Sep.
1969
147.1
(56.8)
277,700
(225.0)
65,800
(53.3)
654
(0.53)
48.
Fenton
Mill
Fenton,
Mich.
Jan.
1970
116.6
(45.0)
549,100
(445.0)
236,900
(192.0)
1,780
(1.44)
49.
Elsie
Eisie,
Mich.
Nov.
1964
497
(192.0)
137,000
(111.0)
72,700
(58.9)
-
-
50.
Rockford
Rockford
583
(225.0)
109,800
(89.0)
55,000
(44.6)
-
-
51.
Fish
Creek
Carsonville,
Mich.
319
(123.0)
122,200
(99.0)
36,200
(29.3)
-
-
52.
Stronach
Wellston,
Mich.
Jan.
1953
604
(233.0)
784,800
(640.0)
756,400
(613.0)
18,450
(14.95)
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 Section III-5
MOBILITY OF SEDIMENT WITHIN SURFACE AND GROUND-WATER SYSTEMS
Erosion is caused by and sediment derived from the action of
moving water,
ice, or wind on rock and soil.
Of the above agents
moving water is predominant in the Great Lakes Region.
The transport of sediment occurs by two general processes, as a
suspension in the water and as a bedload movement.
When sediment is
transported in suspension in the water it is referred to as "suspended
load" and when it is moved along the bottom it is called "bedload."
There are apparently no sharp divisions between the two forms of
transport except that bedload moves closeto the channel bottom where-
as the suspended load is dispersed throughout the depth and width
of the moving water. The physical mechanism of both forms of trans-
port is very complex and it is beyond the purview of this report
to explore its nature.
Generally, bedload movement involves the more coarse textured,
heavy materials that require relatively high channel velocities.
Suspended sediment movement occurs in moving water over a much wider
range of velocities. In both forms of sediment transport, depth
of flow, velocity of flow, and the nature of the material being
transported are important factors in sediment transport rates.
The quantitative role that each of two broad forms play in the
transport of sediment in the Great Lakes Basin is not known. Much
evidence, Visual observation, and logic leads to the conclusion
that the majority of sediment transport occurs as suspended sedi-
ment. It is estimated that the quantity of bedload will not exceed
10 percent of the suspended load.
Sediment does not often get into the ground-water system. This
is because the soil acts as a very effectivefilter and removes the
sediment very soon after water begins to move through the soil. It
is conceivable sediment laden water could get into the ground-water
through fractures in rock or by overflowing into wells which pene-
trate fractured rock. It is not felt that this condition is preva-
lent.
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Section III—6
NATURAL RENOVATION MECHANISM AVAILABLE TO REMOVE POLLUTANTS AND
CONTAMINANTS (PHYSICAL, CHEMICAL, BIOLOGICAL)
Natural renovation mechanisms that remove sediment which are
different from the natural process now utilized in soil conserva—
tion practices are limited. The most common and effective mechanism
used is vegetation. Given sufficient plant cover soil erosion can
be held to a minimum. Many of the soil conservation practices
listed in Section V are based on this principle.
The effectiveness of vegetation as an erosion retardant varies
widely. For example, erosion rates on a field can be reduced by 60%
by converting from continuous corn to a rotation of two years corn,
one year small grain, and one year grass and clover meadow. Con—
version to continuous pasture would reduce erosion even more while
conversion from close growing crops to pasture would reduce erosion
at a lesser rate. Another example might be exclusion or management
of livestock to allOw the natural plant growth to regain adequate
cover to protect the soil.
The other soil conservation practices listed in Section V
also were developed to take advantage of natural processes. Debris
basins and reservoirs are constructed to exploit the fact that
gravity causes particles in suspension in the water to settle in the
reservoir. Terraces and diversions reduce slope lengths. Minimum
tillage, chiseling, incorporating residues into the soil and other
such practices increase infiltration and decrease runoff. Other
management, land treatment and structural measures utilize some
natural physical process to effect a reduction in erosion or sedi-
ment yield. The effectiveness of these practices also varies widely.
A reservoir can be from 100% effective to nearly ineffective depending
on the reservoir trap efficiency. The other practices vary almost
as much in effectiveness.
Both chemical and biological actions can take place which
cause either retention of soils in place or deposition of sediment
enroute. Vegetative growth which protects soils can be stimulated
by fertilizers. Better soil structure which promotes infilgration
and reduced runoff can be developed by the incorporation of crop
residues into the soil. This interaction of the physical, chemiCal,
and biological actions is extremely complex and in many cases more
than one process is involved in reducing erosion and sediment yield.
More often than not chemical and biological actions complement
physical actions in the incorporation of conservation practices on
melmm.
Section III—7
P
R
O
B
A
B
L
E
C
H
A
N
G
E
S
I
N
S
E
D
I
M
E
N
T
Y
I
E
L
D
IN
T
I
M
E
F
o
r
t
h
i
s
s
e
c
t
i
o
n
it
w
a
s
t
h
o
u
g
h
t
t
h
a
t
t
h
e
p
r
e
d
i
c
t
e
d
s
e
d
i
m
e
n
t
y
i
e
l
d
s
to
t
h
e
G
r
e
a
t
L
a
k
e
s
f
o
r
s
p
e
c
i
f
i
e
d
y
e
a
r
s
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
a
n
d
u
r
b
a
n
l
a
n
d
w
o
u
l
d
b
e
i
n
f
o
r
m
a
t
i
v
e
.
D
a
t
a
o
f
t
h
i
s
t
y
p
e
w
e
r
e
n
o
t
a
v
a
i
l
—
a
b
l
e
s
o
i
t
w
a
s
d
e
v
e
l
o
p
e
d
i
n
t
h
e
f
o
l
l
o
w
i
n
g
m
a
n
n
e
r
:
D
a
t
a
w
e
r
e
a
v
a
i
l
a
b
l
e
o
n
t
h
e
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
s
h
e
e
t
e
r
o
s
i
o
n
t
o
e
a
c
h
o
n
e
o
f
t
h
e
G
r
e
a
t
L
a
k
e
s
(8).
S
i
n
c
e
t
h
i
s
f
i
g
u
r
e
i
n
c
l
u
d
e
d
b
o
t
h
f
o
r
e
s
t
a
n
d
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
t
h
e
c
o
n
t
r
i
b
u
t
i
o
n
f
r
o
m
f
o
r
e
s
t
l
a
n
d
n
e
e
d
e
d
t
o
b
e
d
e
l
e
t
e
d
t
o
l
e
a
v
e
o
n
l
y
s
h
e
e
t
e
r
o
s
i
o
n
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
.
T
h
i
s
w
a
s
d
o
n
e
b
y
a
p
p
l
y
i
n
g
a
w
e
i
g
h
t
e
d
f
a
c
t
o
r
w
h
i
c
h
c
o
n
s
i
s
t
e
d
o
f
a
c
o
m
b
i
n
a
t
i
o
n
o
f
t
h
e
e
r
o
s
i
o
n
r
a
t
e
s
f
o
r
e
a
c
h
l
a
n
d
u
s
e
a
n
d
a
m
o
u
n
t
o
f
e
a
c
h
l
a
n
d
u
s
e
.
T
h
i
s
f
a
c
t
o
r
t
i
m
e
s
t
h
e
s
h
e
e
t
e
r
o
s
i
o
n
f
i
g
u
r
e
g
a
v
e
t
h
e
1
9
7
0
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
s
h
e
e
t
e
r
o
s
i
o
n
o
n
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
.
T
h
e
n
a
f
a
c
t
o
r
o
f
3
p
e
r
c
e
n
t
f
o
r
g
u
l
l
y
e
r
o
s
i
o
n
w
a
s
a
d
d
e
d
t
o
t
h
e
s
h
e
e
t
e
r
o
—
s
i
o
n
s
e
d
i
m
e
n
t
y
i
e
l
d
f
i
g
u
r
e
t
o
o
b
t
a
i
n
t
h
e
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
a
g
r
i
-
c
u
l
t
u
r
a
l
l
a
n
d
f
r
o
m
s
h
e
e
t
a
n
d
g
u
l
l
y
e
r
o
s
i
o
n
f
o
r
1
9
7
0
.
T
o
e
s
t
a
b
l
i
s
h
t
h
e
s
e
d
i
m
e
n
t
y
i
e
l
d
s
f
o
r
f
u
t
u
r
e
d
a
t
e
s
,
t
h
e
p
r
e
s
e
n
t
s
e
d
i
m
e
n
t
y
i
e
l
d
w
a
s
m
u
l
t
i
p
l
i
e
d
b
y
t
h
e
p
e
r
c
e
n
t
c
h
a
n
g
e
r
e
f
l
e
c
t
e
d
i
n
t
h
e
G
r
o
s
s
E
r
o
s
i
o
n
f
o
r
P
r
o
j
e
c
t
e
d
D
a
t
e
s
(5).
T
h
i
s
t
a
b
l
e
t
a
k
e
s
i
n
t
o
a
c
c
o
u
n
t
i
n
c
r
e
a
s
e
d
o
r
d
e
c
r
e
a
s
e
d
d
e
m
a
n
d
f
o
r
d
i
f
f
e
r
e
n
t
t
y
p
e
s
o
f
c
r
o
p
s
,
p
r
o
j
e
c
t
e
d
a
d
v
a
n
c
e
s
i
n
t
e
c
h
n
o
l
o
g
y
,
d
i
s
p
l
a
c
e
m
e
n
t
o
f
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
b
y
u
r
b
a
n
g
r
o
w
t
h
,
a
n
d
t
h
e
e
f
f
e
c
t
o
f
a
n
i
n
c
r
e
a
s
e
d
a
m
o
u
n
t
o
f
l
a
n
d
t
r
e
a
t
m
e
n
t
.
T
h
e
s
e
p
r
o
j
e
c
t
e
d
c
h
a
n
g
e
s
a
r
e
b
a
s
e
d
o
n
m
a
t
e
r
i
a
l
r
e
—
g
a
r
d
i
n
g
p
o
p
u
l
a
t
i
o
n
a
n
d
f
o
o
d
a
n
d
f
i
b
e
r
r
e
q
u
i
r
e
m
e
n
t
s
f
u
r
n
i
s
h
e
d
b
y
t
h
e
O
f
f
i
c
e
o
f
B
u
s
i
n
e
s
s
E
c
o
n
o
m
i
c
s
(
n
o
w
t
h
e
B
u
r
e
a
u
o
f
E
c
o
n
o
m
i
c
A
n
a
l
y
s
i
s
)
-
E
c
o
n
o
m
i
c
s
R
e
s
e
a
r
c
h
S
e
r
v
i
c
e
a
n
d
u
s
e
d
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
S
t
u
d
y
(
5
)
.
T
h
e
1
9
7
3
f
i
g
u
r
e
s
w
e
r
e
o
b
t
a
i
n
e
d
b
y
i
n
t
e
r
p
o
l
a
t
i
o
n
o
f
t
h
e
1
9
7
0
a
n
d
1
9
8
0
f
i
g
u
r
e
s
.
T
a
b
l
e
3
t
h
r
o
u
g
h
7
o
f
t
h
i
s
s
e
c
t
i
o
n
s
h
o
w
E
s
t
i
m
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t
e
d
A
n
n
u
a
l
S
e
d
i
-
m
e
n
t
Y
i
e
l
d
f
r
o
m
S
h
e
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t
a
n
d
G
u
l
l
y
E
r
o
s
i
o
n
o
n
A
g
r
i
c
u
l
t
u
r
a
l
L
a
n
d
f
o
r
t
h
e
y
e
a
r
s
1
9
7
6
,
1
9
8
0
,
2
0
0
0
,
a
n
d
2
0
2
0
.
T
h
e
f
i
g
u
r
e
s
f
o
r
y
e
a
r
s
1
9
8
0
,
2
0
0
0
,
2
0
2
0
o
n
T
a
b
l
e
8,
E
s
t
i
m
a
t
e
d
A
v
e
r
a
g
e
A
n
n
u
a
l
S
e
d
i
m
e
n
t
Y
i
e
l
d
f
r
o
m
S
h
e
e
t
a
n
d
G
u
l
l
y
E
r
o
s
i
o
n
o
n
U
r
b
a
n
L
a
n
d
t
o
t
h
e
G
r
e
a
t
L
a
k
e
s
,
w
e
r
e
d
e
t
e
r
m
i
n
e
d
b
y
c
a
l
c
u
l
a
t
i
n
g
a
s
e
d
i
m
e
n
t
d
e
l
i
v
e
r
y
r
a
t
e
f
o
r
e
a
c
h
m
e
t
r
o
p
o
l
i
t
a
n
a
r
e
a
a
n
d
m
u
l
t
i
p
l
y
i
n
g
it
b
y
t
h
e
e
s
t
i
m
a
t
e
d
e
r
o
s
i
o
n
r
a
t
e
.
T
h
e
e
r
o
s
i
o
n
r
a
t
e
s
w
e
r
e
b
a
s
e
d
o
n
p
r
o
j
e
c
t
e
d
u
r
b
a
n
g
r
o
w
t
h
.
T
h
e
f
i
g
u
r
e
f
o
r
1
9
7
3
w
a
s
o
b
t
a
i
n
e
d
f
r
o
m
a
d
i
r
e
c
t
p
r
o
p
o
r
t
i
o
n
o
f
t
h
e
1
9
7
0
a
n
d
1
9
8
0
e
r
o
s
i
o
n
r
a
t
e
t
i
m
e
t
h
e
de-
l
i
v
e
r
y
r
a
t
e
f
o
r
e
a
c
h
m
e
t
r
o
p
o
l
i
t
a
n
a
r
e
a
.
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p
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.
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T
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A
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1
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3
8
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9
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1
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1
8
5
.
9
(
1
,
3
0
7
.
3
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1
,
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6
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1
,
1
7
1
.
7
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1
,
2
0
6
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8
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1
,
3
3
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.
2
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-
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A
l
l
f
i
g
u
r
e
s
r
o
u
n
d
e
d
t
o
n
e
a
r
e
s
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1
0
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t
o
n
s
2
-
/
A
d
a
p
t
e
d
f
r
o
m
A
p
p
e
n
d
i
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1
8
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E
r
o
s
i
o
n
a
n
d
S
e
d
i
m
e
n
t
a
t
i
c
n
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G
r
e
a
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L
a
k
e
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B
a
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i
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F
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a
m
e
w
o
r
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S
t
u
d
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O
c
t
o
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e
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TABLE 5
ESTIMA
TED AV
ERAGE
ANNUAL
SEDIME
NT YIE
LD FRO
M SHEE
T AND
GULLY
EROSIO
N ON A
GRICUL
TURAL
LAND (
U.S. P
ORTION)
T0 LAK
E HURO
N ;/
g/
 
(TONS X
1000)
UNIT
1973
1980
2000
2020
Metric tons Short tons Metric tons Short tons Metric tons Short tons Metric tons Short tons
 
Cheboygan
River
1.u
( 1.5)
1.h
( 1.5)
1.2
( 1.3)
1.2
( 1.3)
Presqu
e Isle
Comple
x
2.u
( 2.7)
2.u
( 2.6)
2.1
( 2.3)
2.1
( 2.3)
Thunder Bay River
5.0 ( 5.5)
u-9 ( 5-h)
h-3 ( u-Y)
h-3 ( l1-7)
Alcona
Comple
x
1.6
( 1.8)
1.6
( 1.8)
1.h
( 1.5)
1.u
( 1.5)
-
3
1
.
.
AuSable R
iver
3.3
( 3.6)
3.2
( 3.5)
2.8
( 3.1)
2.8
( 3.1)
Rifle—AuG
res Compl
ex
12.9
( 1h.2)
12.7
( 1u.0)
11.2
( 12.3)
11.2
( 12.3)
Kawkaw
lin Co
mplex
16.2
( 17.9)
16.u
( 18.1)
10.0
( 11.0)
12.3
( 13.6)
 
Saginaw R
iver
115.2
( 12.7)
116.6
(128.5)
70.9
( 78.1)
87.5
( 96.u)
Thumb
Comple
x
60.2
( 66.h)
61.0
( 67.2)
37.0
( no.8)
M5.7
( 50.1)
   
TOTAL
218.2
(2AO.6)
220.2
(2h2.6)
1h0.9
(155.1)
168.5
(185.6)
l/
—-All fig
ures roun
ded to ne
arest 100
tons
2/
-Adapted
from Appe
ndix 18,
Erosion a
nd Sedime
ntation,
Great Lak
es Basin
Framework
Study, Oc
tober 197
0
 
 T
A
B
L
E
6
E
S
T
I
M
A
T
E
D
A
V
E
R
A
G
E
A
N
N
U
A
L
S
E
D
I
M
E
N
T
Y
I
E
L
D
F
R
O
M
S
H
E
E
T
A
N
D
G
U
L
L
Y
E
R
O
S
I
O
N
O
N
A
G
R
I
C
U
L
T
U
R
A
L
L
A
N
D
(U.s.
P
O
R
T
I
O
N
)
T
O
L
A
K
E
E
R
I
E
1
]
g
/
(TONS
X
1000)
 
Y
E
A
R
U
N
I
T
1
9
7
3
1
9
8
0
2
0
0
0
2
0
2
0
 
Metric
tons
Short
tons
Metric
tons
Short
tons
Metric
tons
Short
tons
Metric
tons
short
tons
Black
River
29.3
(
32.3)
28.3
(
31.2)
28.8
(
27.3)
28.6
(
27.1)
St.
C
l
a
i
r
C
o
m
p
l
e
x
2
5
.
1
(
27.7)
28.2
26.7)
2
1
.
1
23.3)
2
1
.
0
(
23.2)
C
l
i
n
t
o
n
R
i
v
e
r
8
1
.
7
(
86.0)
8
0
.
3
88.8)
3
5
.
2
)
38.9
(
(
37.3)
32.7
36.0)
28.5
)
28.3
(
H
u
r
o
n
R
i
ve
r
57.1
(
62.9)
5
5
.
1
60.7)
8
8
.
1
)
8
7
.
7
(
(
1
0
0
.
9
)
8
8
.
8
97.8)
7
7
.
2
85.1)
76.7
(
88.5
(
)
(
(
)
(
(
)
(
(
)
(
R
o
ug
e
C
o
m
p
l
e
x
3
3
.
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R
a
i
s
i
n
R
i
v
e
r
9
1
.
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M
a
u
m
e
e
R
i
v
e
r
1
,
0
9
2
.
8
1
,
2
0
8
.
6
)
1
,
1
2
0
.
5
1
,
2
3
5
.
1
)
1
,
1
5
7
.
7
1
,
2
1
5
.
7
1
1
9
.
7
)
1
1
1
.
3
1
2
2
.
7
)
1
1
5
.
0
1
2
0
.
8
1
2
0
.
9
)
2
1
5
.
5
2
3
7
.
6
)
2
2
2
.
7
2
3
3
.
9
1
5
2
.
9
)
1
8
2
.
2
1
5
6
.
7
)
1
8
6
.
9
1
5
8
.
3
8
8
.
3
)
8
1
.
8
9
0
.
2
)
8
9
.
1
8
5
.
8
)
7
9
.
2
8
7
.
3
)
8
6
.
2
1
7
7
.
6
)
1
6
8
.
7
1
8
1
.
5
)
1
7
9
.
2
1
9
7
.
5
)
1
1
.
2
)
1
0
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3
1
1
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2
1
2
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(
(
(
7
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2
)
5
-
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5
.
0
(
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s
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a
g
e
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m
p
l
e
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8
)
6
.
5
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.
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)
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1
.
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2
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.
3
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r
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e
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h
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u
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u
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u
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p
l
e
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.
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.
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T
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T
A
L
2
,
1
3
9
.
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2
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2
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8
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3
1
/
A
l
l
f
i
g
u
r
e
s
r
o
u
n
d
e
d
t
o
n
e
a
r
e
s
t
1
0
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t
o
n
s
2
/
.
»
.
-
A
d
a
p
t
e
d
f
r
o
m
A
p
p
e
n
d
i
x
1
8
,
E
r
O
S
I
O
n
a
n
d
S
e
d
i
m
e
n
t
a
t
i
o
n
,
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
S
t
u
d
y
,
O
c
t
o
b
e
r
1
9
7
0
 -
3
3
-
T
A
B
L
E
7
E
S
T
I
M
A
T
E
D
A
V
E
R
A
G
E
A
N
N
U
A
L
S
E
D
I
M
E
N
T
Y
I
E
L
D
F
R
O
M
S
H
E
E
T
A
N
D
G
U
L
L
Y
E
R
O
S
I
O
N
0
N
A
G
R
I
C
U
L
T
U
R
A
L
L
A
N
D
(U
.s
.
P
O
R
T
I
O
N
)
TO
L
A
K
E
O
N
T
A
R
I
O
l]
g]
 
(
T
O
N
S
X
1
0
0
0
)
YEAR
U
N
I
T
1
9
7
3
1
9
8
0
2
0
0
0
2
0
2
0
Me
tr
ic
to
ns
Sh
or
t
to
ns
Me
tr
ic
to
ns
Sh
or
t
to
ns
Me
tr
ic
to
ns
Sh
or
t
to
ns
Me
tr
ic
to
ns
Sh
or
t
to
ns
 
N
i
a
g
a
r
a
—
O
r
l
e
a
n
s
C
o
m
p
l
e
x
A
8
.
7
(
5
3
.
7
)
A
3
.
9
(
A
8
.
u
)
h
1
.
6
(
A
5
.
9
)
A
1
.
6
(
h
5
.
9
)
Ge
ne
se
e
Ri
ve
r
59
.7
(
65
.8
)
53
.9
<
59
11
)
51
.1
(
56
.3
)
51
.1
(
56
.3
)
Wa
yn
e—
Ca
yu
ga
Co
mp
le
x
A9
.5
(
5A
.6
)
AA
.A
(
A8
.9
)
31
.2
(
3A
.A
)
36
.6
(
No
.3
)
O
s
w
e
g
o
R
i
v
e
r
9
9
.
A
(
1
0
9
.
6
)
8
9
.
2
(
9
8
.
3
)
6
2
.
7
(
6
9
.
1
)
7
3
.
A
(
8
0
.
9
)
S
a
l
m
o
n
—
P
e
r
c
h
C
o
m
p
l
e
x
A
3
.
0
(
A
7
.
A
)
3
8
.
6
(
A
2
.
5
)
2
7
.
0
(
2
9
.
9
)
3
1
.
8
(
3
5
.
0
)
B
l
a
c
k
R
i
v
e
r
2
A
.
5
(
2
7
.
0
)
2
2
.
0
(
2
A
.
3
)
2
0
.
7
(
2
2
.
8
)
2
0
.
7
(
2
2
.
8
)
Os
we
ga
tc
hi
e
Ri
ve
r
17
.5
(
19
.3
)
15
.8
(
17
.A
)
1A
.8
(
16
.3
)
1A
.8
(
16
3)
G
r
a
s
s
-
R
a
q
u
e
t
t
e
—
S
t
.
R
e
g
i
s
2
0
.
5
(
2
2
.
6
)
1
8
.
5
(
2
0
.
u
)
1
7
.
3
(
1
9
.
1
)
1
7
.
3
(
1
9
.
1
)
C
o
m
p
l
e
x
   
T
O
T
A
L
3
6
2
.
8
(
A
O
O
.
O
)
3
2
6
.
3
(
3
5
9
.
6
)
2
6
6
.
A
(
2
9
3
.
8
)
2
8
7
.
3
(
3
1
6
.
6
)
i
j
A
l
l
f
i
g
u
r
e
s
r
o
u
n
d
e
d
t
o
n
e
a
r
e
s
t
I
O
O
t
o
n
s
2
-
A
d
a
p
t
e
d
f
r
o
m
A
p
p
e
n
d
i
x
18
,
E
r
o
s
i
o
n
a
n
d
S
e
d
i
m
e
n
t
a
t
i
o
n
,
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
S
t
ud
y,
O
c
t
o
b
e
r
1
9
7
0
  
“
3
4
.
.
TABLE 8
ESTIMATED
AVERAGE
ANNUAL
SEDIMENT
YIELD
FROM
SHEET
AND
GULLY
,"22
g/ 2/
Li—L‘IKL £1
"4
EROSION
ON
URBAN
LAND
{U.0.
P0iTION)
TO
TEE
 
1
.
1
3
3
0
 
(.
 
Metric
t
o
n
S
S
h
o
r
t
tons
 
N
o
r
r
i
e
tons
 
 
Lake
Superior
Duluth—Superior
l3.8
(
15.“
,
4
2
)
'
D
L
F\
L
‘
r
'
I
‘
\
,
_
1
\
/
(
\
J
H
/
'
\
1
U
 
SUB
TOTAL
i3.8
(
l5.2)
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Michigan
,V
.
<
‘7
_~_
-
r7
;'
hreen
Kev—Osnasn
9
W
  
   
2x.
‘,l
 
.. ._.V._ .___,..._..__.._;474 ,0.__‘.;... .12»_... Aubry . A..A..._V . .402" _ .n 2—... .4..
Lake
Erie
3
i
Detroit
50.
T
o
l
e
d
o
5
Fort
Wayne
6.
Loraine—Elyria
ll
Cleveland-Akron
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Erie
9.
y
‘
/
L
I
X
r
\
:
;
\
L
N
(
\
I
O
\
O
\
O
H
!
f
\
 
v
 
.
r
‘
r
?
O
_
2
'
\
,
2
2
.
L
R
*
F
‘
m
.
:
T
\
[
\
F
N
i
P
~
C
D
r
—
I
{
h
r
—
I
(
\
J
O
H
r
-
i
H
#
4
(
\
J
C
D
H
H
H
J
V
V
V
O
O
[
\
—
H
r
_
‘
\
_
/
»
\
/
\
,
v
v
v
H
v
r
i
f
f
)
(
F
1
r
—
i
J
f
[
H
H
.
\
,
n
\
.
/
\
A
A
A
H
\
y
v
-
V
v
v
v
A
‘
A
A
A
L
’
"
W
Q
\
O
,
:
I
'
\
O
P
O
h
—
L
ﬂ
(
D
,
:
r
m
v
SUB TOTAL
185.0
(203.9)
200.0
(220M
250.9
(276.7)
316.);
 
   
ME
TR
OP
OL
IT
AN
CO
MP
LE
X
1
9
7
3
1980
YEAR
Lak
e O
nta
rio
Buf
fal
o
Ro
ch
es
te
r
Sy
ra
cu
se
-R
om
e
SUB
TOTA
L
TOTAL
1/
Metric to
ns Short
tons
Metric tons Short tons
Met
ric
ton
s S
hor
t
ton
s Met
ric
tons
Sho
rt
tons
 
(
\
1
A
A
A
O
C
O
n
—
i
r
—
{
d
C
O
V
v
v
l
2h.6
6.1
22.2
( 16.9)
52-9
( 71
.6)
(
3
2
6
.
8
)
—-A
ll
fig
ure
s r
oun
ded
to
nea
res
t 1
00
ton
s
2/
—‘A
dap
ted
fro
m A
ppe
ndi
x 1
8,
Ero
sio
n a
nd
Sed
ime
nta
tio
n,
Gre
at
Lak
es
Bas
in
-
3
5
.
.
  
li003
 
Frame
work
Study
, Oct
ober
1970
(550
.9)
|S
e
c
t
i
o
n
I
I
I
-
8
P
R
O
J
E
C
T
E
D
S
E
R
I
O
U
S
N
E
S
S
O
F
F
U
T
U
R
E
P
O
L
L
U
T
I
O
N
P
R
O
B
L
E
M
S
D
E
R
I
V
E
D
F
R
O
M
T
H
E
S
E
L
A
N
D
U
S
E
A
C
T
I
V
I
T
I
E
S
I
n
a
n
e
f
f
o
r
t
t
o
e
v
a
l
u
a
t
e
t
h
e
p
r
o
b
l
e
m
,
T
a
b
l
e
9
a
n
d
F
i
g
u
r
e
s
1
t
h
r
o
u
g
h
6
w
e
r
e
d
e
v
e
l
o
p
e
d
.
T
h
e
T
a
b
l
e
a
n
d
t
h
e
s
e
F
i
g
u
r
e
s
w
e
r
e
d
e
v
e
l
o
p
e
d
f
r
o
m
T
a
b
l
e
s
3
t
h
r
o
u
g
h
8
i
n
S
e
c
t
i
o
n
I
I
I
-
4
.
T
a
b
l
e
s
3
t
h
r
o
u
g
h
8
a
r
e
b
a
s
e
d
o
n
m
a
t
e
r
i
a
l
f
r
o
m
A
p
p
e
n
d
i
x
1
8
,
E
r
o
s
i
o
n
a
n
d
S
e
d
i
m
e
n
t
a
t
i
o
n
,
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
F
r
a
m
e
w
o
r
k
S
t
u
d
y
,
w
h
i
c
h
i
s
i
n
t
u
r
n
b
a
s
e
d
o
n
p
r
o
j
e
c
t
i
o
n
s
u
s
e
d
i
n
t
h
e
F
r
a
m
e
w
o
r
k
S
t
u
d
y
a
n
d
f
u
r
n
i
s
h
e
d
b
y
t
h
e
O
f
f
i
c
e
o
f
B
u
s
i
n
e
s
s
E
c
o
n
o
m
i
c
s
-
E
c
o
n
o
m
i
c
R
e
s
e
a
r
c
h
S
e
r
v
i
c
e
.
T
h
e
p
r
o
j
e
c
t
i
o
n
s
c
o
n
s
i
d
e
r
c
h
a
n
g
e
s
i
n
d
e
m
a
n
d
f
o
r
d
i
f
f
e
r
e
n
t
c
r
o
p
s
,
a
d
v
a
n
c
e
s
i
n
t
e
c
h
n
o
l
o
g
y
,
d
i
s
p
l
a
c
e
m
e
n
t
o
f
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
b
y
u
r
b
a
n
g
r
o
w
t
h
a
n
d
t
h
e
e
f
f
e
c
t
o
f
a
n
i
n
c
r
e
a
s
e
d
a
m
o
u
n
t
o
f
l
a
n
d
t
r
e
a
t
m
e
n
t
.
T
h
e
t
o
t
a
l
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
a
n
d
u
r
b
a
n
l
a
n
d
f
r
o
m
t
h
e
U
.
8
.
p
o
r
t
i
o
n
o
f
t
h
e
B
a
s
i
n
t
o
t
h
e
L
a
k
e
s
f
o
r
t
h
e
l
a
s
t
4
0
y
e
a
r
s
i
s
a
b
o
u
t
t
h
e
s
a
m
e
a
s
t
h
e
t
o
t
a
l
f
o
r
t
h
e
1
2
0
y
e
a
r
s
b
e
f
o
r
e
t
h
a
t
p
e
r
i
o
d
,
t
r
u
l
y
a
s
t
a
r
t
l
i
n
g
i
n
c
r
e
a
s
e
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
t
h
e
e
x
i
s
t
i
n
g
c
o
n
s
e
r
v
a
t
i
o
n
p
r
o
-
g
r
a
m
s
a
r
e
e
s
t
i
m
a
t
e
d
t
o
h
a
v
e
r
e
d
u
c
e
d
t
h
e
p
o
t
e
n
t
i
a
l
s
e
d
i
m
e
n
t
y
i
e
l
d
b
y
a
b
o
u
t
2
3
.
5
m
i
l
l
i
o
n
m
e
t
r
i
c
t
o
n
s
(
2
6
m
i
l
l
i
o
n
s
h
o
r
t
t
o
n
s
)
a
n
d
w
i
l
l
p
r
o
—
v
i
d
e
f
o
r
a
n
a
d
d
i
t
i
o
n
a
l
r
e
d
u
c
t
i
o
n
o
f
5
8
m
i
l
l
i
o
n
m
e
t
r
i
c
t
o
n
s
(
6
4
m
i
l
l
i
o
n
s
h
o
r
t
t
o
n
s
)
b
y
2
0
2
0
.
I
n
s
p
i
t
e
o
f
t
h
e
r
e
d
u
c
t
i
o
n
s
d
i
r
e
c
t
l
y
a
t
t
r
i
b
u
t
a
b
l
e
t
o
c
o
n
s
e
r
v
a
t
i
o
n
p
r
o
g
r
a
m
s
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
t
h
e
s
e
s
o
u
r
c
e
s
i
s
e
x
p
e
c
t
e
d
t
o
i
n
c
r
e
a
s
e
a
p
p
r
o
x
i
m
a
t
e
l
y
6
%
b
y
2
0
2
0
.
S
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
i
s
p
r
o
j
e
c
t
e
d
t
o
d
e
c
r
e
a
s
e
u
n
t
i
l
2
0
0
0
a
n
d
t
h
e
n
i
n
c
r
e
a
s
e
.
U
n
l
i
k
e
t
h
e
c
o
m
p
o
s
i
t
e
f
i
g
u
r
e
(
w
e
i
g
h
t
e
d
t
o
t
a
l
o
f
a
g
r
i
c
u
l
t
u
r
a
l
a
n
d
u
r
b
a
n
s
e
d
i
m
e
n
t
)
m
e
n
t
i
o
n
e
d
a
b
o
v
e
,
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
i
s
e
x
p
e
c
t
e
d
t
o
b
e
l
e
s
s
t
h
a
n
1
%
h
i
g
h
e
r
i
n
2
0
2
0
t
h
a
n
a
t
p
r
e
s
e
n
t
.
S
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
u
r
b
a
n
l
a
n
d
s
i
s
a
n
e
v
e
r
i
n
c
r
e
a
s
i
n
g
f
i
g
u
r
e
.
I
t
i
s
a
p
p
r
o
x
i
m
a
t
e
l
y
6
9
%
h
i
g
h
e
r
i
n
2
0
2
0
t
h
a
n
a
t
p
r
e
s
e
n
t
.
T
h
e
d
e
c
l
i
n
e
i
n
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
a
g
r
i
c
u
l
t
u
r
a
l
l
a
n
d
i
n
2
0
0
0
is
m
o
s
t
l
y
d
u
e
t
o
a
p
r
o
j
e
c
t
e
d
d
e
c
r
e
a
s
e
i
n
r
o
w
c
r
o
p
s
t
h
r
o
u
g
h
o
u
t
t
h
e
B
a
s
i
n
a
n
d
a
n
i
n
c
r
e
a
s
e
i
n
c
l
o
s
e
g
r
o
w
i
n
g
c
r
o
p
s
w
h
i
c
h
p
r
o
v
i
d
e
b
e
t
t
e
r
e
r
o
s
i
o
n
p
r
o
t
e
c
t
i
o
n
f
o
r
t
h
e
s
o
i
l
s
.
A
f
t
e
r
2
0
0
0
t
h
i
s
t
r
e
n
d
r
e
v
e
r
s
e
s
w
i
t
h
t
h
e
r
e
s
u
l
t
t
h
a
t
a
t
2
0
2
0
t
h
e
s
e
d
i
m
e
n
t
y
i
e
l
d
is
s
l
i
g
h
t
l
y
h
i
g
h
e
r
t
h
a
n
t
h
e
p
r
e
s
e
n
t
f
i
g
u
r
e
.
T
h
e
i
n
c
r
e
a
s
e
i
n
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
u
r
b
a
n
l
a
n
d
is
d
u
e
t
o
a
p
r
o
j
e
c
t
e
d
c
o
n
s
t
a
n
t
increase
in
urban
construction.
The
g
r
e
a
t
e
s
t
i
n
c
r
e
a
s
e
in
s
e
d
i
m
e
n
t
y
i
e
l
d
f
r
o
m
a
g
r
i
c
ul
t
ur
a
l
a
n
d
u
r
b
a
n
l
a
n
d
f
r
o
m
the
U.
S.
p
o
r
t
i
o
n
o
f
the
B
a
s
i
n
is
a
p
p
r
o
x
i
m
a
t
e
l
y
15%
to
Lake
E
r
i
e
in
2020.
This
is
l
a
r
g
e
l
y
b
e
c
a
u
s
e
o
f
a
p
r
o
j
e
c
t
e
d
i
n
c
r
e
a
s
e
in
row
crops
a
n
d
a
s
i
ze
a
b
l
e
i
n
c
r
e
a
s
e
in
u
r
b
a
n
c
o
n
s
t
r
uc
t
i
o
n
.
F
i
g
ur
e
5
shows
the
composite
sediment
yield
change
to
be
continually
increasing
to 2020.
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The largest decrease in sediment yield from these sources in
the U. 8. portion of the Basin is approximately 21% to Lake Huron in
2020. This is due to a projected decrease in row crops and an
increase in close growing crops. The urban built—up land in the area
is projected to increase a significant amount but this source is more
than counterbalanced by the agricultural land change.
By 2020 the total sediment yield from these sources from the
U. 5. portion of the Basin to all the Lakes is expected to show a
slight increase. Lake Superior is projected to have a slight increase,
Lake Michigan a slight decrease, Lake Huron a significant decrease,
Lake Erie a moderate increase, and Lake Ontario a moderate decrease.
Lake Erie then is the only lake where the trend of increasing sediment
yields from agricultural and urban areas from the U. 8. portion of
the Basin is projected to continue. The other lakes will have sediment
yields from these sources at about the same level or less.
It is not known exactly what effect these changes in sediment
yield will have on nutrients and pesticides which enter the Lakes.
On the surface, it might appear that if the sediment yield changed
then the amount of other contaminants might change in the same direc—
tion. While this premise might be correct it is also conceivable that
increased or decreased use of these pollutants might influence the
amount furnished to the Lakes more than changes of sediment yield. It
is not within the scope of this category to make predictions on future
use of pesticides and nutrients. Categories A5 and A6 of Task A
cover the interrelationship of these pollutants with sediment in greater
detail.
Table 9 shows an indication of future pollution problems from
sediment to the Great Lakes compared to the present. However, this
evaluation means little unless some understanding of the magnitude of
the present problem is known. The larger sediment yield rates measured
on major streams in the basin are 87 metric tons per square kilometer
(250 tons per square mile) from the Cuyahoga River at Independence,
Ohio and 263 metric tons per square kilometers (750 tons per square mile)
from the Genesee River in New York. These sediment yields are moderately
low in comparison to other parts of the U. S.
While the effect of yields of this magnitude on the Great Lakes
is not large the yield from some streams can have a serious impact on
that portion of the lakes near the junction of the stream and lake.
The Maumee River discharges in excess of 1,070,300 metric tons
(1,179,000 short tons) of sediment per year into Lake Erie. A signifi—
cnat portion of this sediment is deposited close to shore. Toledo
Harbor, at the mouth of the Maumee River, receives the second largest
amount of annual maintenance dredging of the Great Lakes harbors (13).
This dredging amounts to approximately 680,850 metric tons (750,000
short tons) or about 64% of the sediment yield of the river.
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s
s
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d
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e
n
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s
e
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i
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r
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i
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,
d
e
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o
y
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r
e
d
u
c
e
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h
e
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e
c
r
e
a
t
i
o
n
a
l
v
a
l
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e
o
f
t
h
e
l
a
k
e
,
a
n
d
i
n
c
r
e
a
s
e
s
m
u
n
i
c
i
p
a
l
w
a
t
e
r
t
r
e
a
t
m
e
n
t
c
o
s
t
s
.
I
t
c
a
n
b
e
s
e
e
n
t
h
a
t
w
h
i
l
e
s
m
a
l
l
c
h
a
n
g
e
s
a
s
s
h
o
w
n
o
n
T
a
b
l
e
9
w
i
l
l
h
a
v
e
l
i
t
t
l
e
e
f
f
e
c
t
o
n
t
h
e
G
r
e
a
t
L
a
k
e
s
a
s
a
w
h
o
l
e
,
t
h
e
y
c
o
u
l
d
h
a
v
e
s
i
g
n
i
f
i
c
a
n
t
i
m
p
a
c
t
o
n
l
o
c
a
l
p
r
o
b
l
e
m
a
r
e
a
s
w
i
t
h
i
n
t
h
e
L
a
k
e
s
.
M
a
j
o
r
c
h
a
n
g
e
s
i
n
s
e
d
i
m
e
n
t
y
i
e
l
d
m
i
g
h
t
s
h
o
w
a
n
e
f
f
e
c
t
i
n
t
h
e
G
r
e
a
t
L
a
k
e
s
a
n
d
t
h
e
y
c
e
r
t
a
i
n
l
y
w
o
u
l
d
b
e
f
e
l
t
i
n
l
o
c
a
l
p
r
o
b
l
e
m
a
r
e
a
s
.
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 Table 9
ES
TI
MA
TE
D
PE
RC
EN
TA
GE
CH
AN
GE
FR
OM
19
73
OF
SE
DI
ME
NT
YI
EL
D
FR
OM
SH
EE
T
AN
D
GU
LL
Y
ER
OS
IO
N
ON
AG
RI
CU
LT
UR
AL
AN
D
UR
BA
N
LA
ND
(U
.S
.
PO
RT
IO
N)
TO
TH
E
GR
EA
T
LA
KE
S
  
Year
19
80
20
00
20
20
A11 Lakes
Ag
ri
cu
lt
ur
al
La
nd
~
0 4
—
6.
6
+
0.
9
Ur
ba
n
La
nd
+
7
8
+3
5.
0
+6
8.
6
Co
mp
os
it
e
+
0
1
-
3.
8
+
5.
6
Lake Superior
Ag
ri
cu
lt
ur
al
La
nd
+
O
7
-
5.
0
-
5
0
Ur
ba
n
La
nd
+
2
6
+1
5.
8
+3
0
3
Co
mp
os
it
e
+
1
1
+
0.
2
+
3
8
Lake Michigan
Ag
ri
cu
lt
ur
al
La
nd
-
5.
7
-1
5.
5
-
4.
0
Ur
ba
n
La
nd
+
8.
5
+3
7.
3
+7
3.
4
Co
mp
os
it
e
—
5.
1
-l
3.
3
—
0.
9
Lake Huron
Ag
ri
cu
lt
ur
al
La
nd
+
0.
8
-3
5.
5
-2
2.
9
Ur
ba
n
La
nd
+
8.
5
+5
4.
2
+7
6.
3
Co
mp
os
it
e
+
1.
0
-3
3.
4
—2
0.
5
Lake Erie
Ag
ri
cu
lt
ur
al
La
nd
+
4.1
+
4.9
+1
0.
1
Urb
an
Lan
d
+ 8
.1
+35
.7
+71
.0
Co
mp
os
it
e
+ 4
.5
+
7.3
+1
4.
9
Lake Ontario
Agr
icu
ltu
ral
Lan
d
-10
.1
-26
.6
—20
.9
Ur
ba
n
La
nd
+
7.3
+3
2.
8
+6
3.
1
Composite - 8.3 -20.7 —12.6
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Section III-9
R
E
V
I
E
W
OF
I
N
S
T
I
T
U
T
I
O
N
A
L
A
R
R
A
N
G
E
M
E
N
T
S
T
O
R
E
G
U
L
A
T
E
AND
CONTROL
SEDIMENTATION
All
of
the
states
in
the
Great
Lakes
Basin
have
laws
that
provide
for
the
creation
of
soil
conservation
districts.
These
districts,
which
are
governed
by
a
board
of
supervisors
of
local
people,
fill
a
vital
need
in
providing
local
leadership
to
the
solution
of
soil
erosion
as
well
as
other
soil
conservation
prob-
lems.
The
Michigan
Soil
Conservation
Districts
Law,
Act
297
of
the
Public
Acts
of
1937
originally
contained
sections
that
provided
for
adoption
and
enforcement
of
land
use
and
treatment
regulations.
These
sections
were
repealed
in
1945
because
districts
preferred
to
provide
technical
assistance
on
erosion
control
to
those
request-
ing
help
on
a
voluntary
basis.
This
general
theme
carries
through
all
of
the
Soil
Conservation
District
Acts
activities
within
the
Great
Lakes
States,
a
spirit
of
voluntary
participation
in
sound
land
use
and
management.
The
soil
conservation
districts
have
in
recent
years
been
revising
their
operations
to
provide
their
assistance
to
non-agricultural
areas.
The
problems
of
detrimental
effects
to
water
quality
from
ero-
sion
and
sedimentation
have
generally
been
handled
by
water
quality
control
acts.
These
acts,
which
generally
establish
water
quality
standards,
handle
the
problem
of
sediment
in
terms
of
allowable
concentrations
of
suspended
colloidal
and
settleable
materials.
The
control
of
erosion
by
these
acts
would
come
through
the
reason-
ing
that
sediment
becomes
a
"pollutant"
as
it
enters
a
stream
and
thus
should
be
abated.
Generally,
however,
the
laws
are
geared
toward
the
handling
of
a
much
smaller
number
of
cases
than
would
be
entailed
in
a
sediment
policing
program.
These
acts,
then,
are
generally
not
backed
by
the
necessary
staffing
or
funding
to
administer
a
sediment
control
program.
The
Michigan
Real
Estate
-
Plat
Act
and
its
recent
amendments
may
becomesignificant
in
the
solution
of
sediment
and
erosion
problems
in
the
Great
Lakes
region.
This
act,
and
its
recent
amend-
ment,
Act
288
of
the
Public
Acts
of
1967,
State
of
Michigan,
is
primarily
a
planning
and
zoning
act
passed
to
encourage
orderly
growth.
However,
this
act
could
provide
authorization
for
local
authorities
to
influence
and
bring
pressure
to
bear
on
design
and
construction
procedure
in
order
to
minimize
erosion
during
the
con—
struction phase.
Legislative
needs
include
state-wide
enabling
legislation
in
the
Great
Lakes
States
that
would
give
the
local
governmental
en-
tities
the
authority
to
establish
broad
regulatory
ordinances.
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This authority should be given to existing entities of state and
local government or to new community actionentities. The imple-
mentation of these local programs should probably be done utilizing
cut—off date procedures. By this method, local government would be
given ample time to establish their own code of ordinances which
would fit their particular situation. Beyond this date, if the
local government had not established such regulation, state estab-
lished regulations would prevail. The guidelines for these local
ordinances should follow the commonly accepted standards and speci-
fications for erosion control measures and the standards for
water quality recommended by the state agencies should be followed.
Sediment control ordinances have emerged, to date, primarily
in the rapidly developing urban areas as a means to give some
measure of protection to local water quality and from other problems
associated with sedimentation. Following is a sample ordinance,
taken from the Community Action Guidebook for Soil Erosion and
Sediment Control as an example. This Sedimentation Control Ordi—
nance, for Montgomery County, Maryland, is one of the earlier regu-
latory measures of this type in the United States.
In the spring, 1965, a sediment control task force, formerly
appointed by the Montgomery County Council, completed development
of a proposed sedimentation control program for the county. The
Council subsequently made the program stated county policy and soli—
cited the voluntary cooperation of the building industry. Two
years later (6/27/67), the council made sedimentation control manda—
tory through adoption of an amendment to the county's subdivision
regulations. Chapter 104, as codified in the Montgomery County
Code.
This amendment, which represents the county's sedimentation
control ordinance, follows:
Amend Sec. 104—24 Preliminary Subdivision Plan—Approval Pro-
cedure by adding new subsection (1) as follows:
(i) Sediment Control. The approval of all preliminary plans
and extensions of previously approved plans shall include
provisions for erosion and sediment control, in accordance
with the Montgomery County Sediment Program, ad0pted
by the County Council June 29, 1965.
(1) The Board, in its consideration of each preliminary
plan or extension of previously approved plan shall
condition its approval upon the execution by the sub—
divider of erosion and sediment control measures to
be specified by the Board after receiving recommenda-
tions from the Montgomery Soil Conservation Sistrict.
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(2)
(3)
(4)
(5)
One
copy
of
each
approved
preliminary
plan
or
exten—
sion
of
previously
approved
plan
shall
be
referred
to
the
Montgomery
Soil
Conservation
District
for
review
and
recommendation
as
to
adequate
erosion
and
sediment
control
measures
to
prevent
damage
to
other
proper—
ties.
The
installation
and
maintenance
of
the
specified
erosion
and
sediment
control
measures
shall
be
accomplished
in
accordance
with
standards
and
speci-
fication
on
file
with
the
Montgomery
Soil
Conserva-
tion District.
Permits
for
clearing
and
grading
prior
to
the
recor-
dation
of
plats
shall
be
obtained
from
the
Depart—
ment
of
Public
Works
subject
to
the
granting
of
tem—
porary
easements
and
other
conditions
deemed
necessary
by
the
Department
in
order
to
insepct
and
enforce
the
performance
of
the
specified
erosion
and
sediment
con-
trol
measures
provided
for
it
sub-section
(1)
above.
In
the
event
the
subdivider
proceeds
to
clear
and
grade
prior
to
recording
of
plats
without
satisfying
the
conditions
specified
under
Sec.
4,
the
Board
may
revoke
the
approval
of
the
preliminary
plan
or
ex-
tension of previously approved plan.
Amend Article
1,
Section
23—2
General
Requirements
(of subdivi-
sion plans)
by the
addition of a new paragraph
to be known as
23-2
(1)
to read as follows:
(1)
Erosion and Sediment Control Measures.
Adequate control of erosion and sedimentation of both a
temporary and permanent nature shall be provided during
(g)
 
all phases of clearing, grading and construction as
approved by the Director.
Amend Section 23-8, Preliminary Plats - Preparation by the
addition of a new paragraph to be known as 23-8 (g) to read as follows:
Statement that Erosion and Sediment control methods shall
be provided prior to any clearing, grading or construction
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Amend Article 2 of Chapter 23 by the addition of a new paragraph
to Section 23-12. Final Plats — Approval to be known as 23-12 (c) to
read as follows: (Plats shall be approved only if)
(c) Plans and specifications for the control of erosion and
sedimentation, if such controls are deemed necessary,
have been submitted and approved by the Director of
Public Works or his agent. This approval shall be con-
current with the approval of the aforesaid plans and speci—
fications, and become a part thereof.
A number of states within the Great Lakes Basin have now developed
ordinances and regulations on the control of erosion and sediment
damage (9). Michigan's Soil Erosion and Sediment Control Act of
1972, approved bythe Governor on January 9, 1972 provides for a state-
wide soil erosion and sedimentation control program with provision
for inforcement by counties and for cooperation with soil conserva—
tion districts. Pennsylvania in 1972 amended a law to require approval
by the Department of Environmental Resources on erosion and sediment
control plans for earth moving activities except where an erosional
and sediment control plan had been developed by the U. S. Soil Con-
servation Service. The law from both Michigan and Pennsylvania is
unique in that it requires a permit before the farmer can cultivate
his land unless he has a conservation plan approved by the local Soil
Conservation District. Ohio, in 1971—1972 amended an act which would
authorize the Director of Natural Resources to develop a procedure
to coordinate agrucultural pollution abatement and urban sediment
control programs based on the state's air and water quality standards.
Illinois, in 1971, passed an act which requires soil conservation
districts to furnish information to local zoning authorities and
assist them in reviewing applications for proposed land subdivisions.
Wisconsin, in 1971, amended its law topermit adoption of land use
regulations by a simple majority of electors in lieu of two—thirds
of the land occupiers, broadened its regulatory authority to include
specifically the control of runoff and sedimentation, and provided
for county assistance in enforcement of the regulations.
In addition several counties within the Basin have adopted or—
dinances on sediment control (9). Some of them are Otsego County,
Michigan, 1971, Steele County, Minnesota, l970; and Buffalo County,
Wisconsin, 1965. Most of these ordinances require a permit for any
earth moving activity, such permit to be issued only if the appli-
cant files a plan for the control of erosion and sedimentation which
is approved by the local Soil Conservation District. In addition,
many cities, towns and townships within the respective states have
erosion and sediment control legislation.
As an aid in drafting the above mentioned legislation, there has
been available since September 1972 the Model State Act for Soil
Erosion and Sediment Control suggested by the Council of State Govern—
ments (6).
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The
work
group
on
Erosion
and
Sedimentation
in
the
Great
Lakes
Basin
Framework
Study
took
the
position
that
regulatory
measures
for
the
control
of
erosion
and
sedimentation
should
be
adopted.
The
spirit
of
the
regulation
should
be
not
only
to
eliminate
"nuisance"
type
erosion
situations
but
it
should
also
be
directed
toward
real
protection,
preservation,
and
enhancement
of
water
and
related
resources.
Voluntary
action
to
minimize
detrimental
effects
from
the
inflow
of
sediment
and
other
solids
should
be
strongly
encouraged.
The
community
action
guidebook
referred
to
above
recognizes
that
the
sedimentation
control
programs
that
appear
to
work
best
are
those
that
initially
evolve
from
some
type
of
voluntary
action.
The
voluntary
approach,
as
far
as
it
can
be
effectively
exploited
to
achieve
real
results,
should
be
itilized.
The
work
group
recommends
a
second
avenue
of
approach
which
is
parallel
to
the
purely
voluntary.
This
is
the
utilization
of
a
system
of
incentives.
Agriculture
has
had
a
program
of
this
type
for
years
in
the
form
of
the
Agricultural
Conservation
Program
(ACP).
Under
this
program
farmers
were
reimbursed
for
installing
agricultural
conservation
practices
-
many
of
them
for
erosion
control.
This
program,
which
was
replaced
by
the
Rural
Environmental
Assis-
tance
Program
and
which
in
turn
has
been
succeeded
by
the
Rural
Environmental
Conservation
Program,
will
provide
farm
operators
an
incentive
to
apply
erosion
control
measures.
The
Rural
Environmental
Conservation
Program
includes
a
new
approach
to
erosion
and
sediment
control
on
agricultural
lands
through
the
use
of
long-term
(3
to
10
years)
cost
share
contracts.
These
contracts
have
as
their
base
a conservation
plan
which
has
been
approved
by
the
local
soil
con-
servation
district.
Permanent
type
land treatment
systems
are
en-
couraged
in
the
plan.
The
Rural
Environmental
Conservation
does
not
now
apply
to
the
urban
sector.
An
expanded
incentive
program
could be
developed to
include the urban sector as
it relates
to run-
off of
sediment
and other
solids.
The
incentive
could be
in
the form
of cost-share
on
measures used
to reduce
erosion
or a special
tax
write—off, justified on environmental enhancement.
The work group recognized the fact that control ordinances
are essential in order to achieve the results desired by society
in many situations.
The problem of sedimentation is one of these.
Ordinances designed to control the inflow of sediment from ero-
sion and other sources may be essential in order to approach the
levels essential for real water quality.
Regulation to control sedimentation and suspended solids
must be uniformly applied to all sources if real water quality
standards are to be effected. The sections above point out the
many diverse sources of solids both by erosion and from other
waste. Thus if an ordinance is established to regulate the sub-
division developer because of "pollution" resulting from erosion
~50-
 an
d
se
di
me
nt
at
io
n,
th
en
wh
y
sh
ou
ld
no
t
th
e
fa
rm
op
er
at
or
be
re
gu
-
la
te
d
th
e
sa
me
wa
y?
Bo
th
ty
pe
s
of
op
er
at
io
ns
,
un
de
r
la
x
ma
na
ge
me
nt
,
ca
n
pr
od
uc
e
se
di
me
nt
th
at
be
co
me
s
a
nu
is
an
ce
an
d
af
fe
ct
s
lo
ca
l
wa
te
r
re
so
ur
ce
s
in
th
e
sa
me
wa
y.
Bu
t
it
do
es
no
t
st
op
he
re
.
Th
er
e
is
am
pl
e
ev
id
en
ce
th
at
wa
st
e
fr
om
es
ta
bl
is
he
d
ur
ba
n
ar
ea
s
co
nt
ri
—
b
ut
e
s
la
rg
e
q
u
a
n
t
i
t
i
e
s
of
s
o
l
i
d
s
to
th
e
a
d
j
a
c
e
n
t
w
a
t
e
r
c
o
ur
s
e
s
,
la
ke
s,
et
c.
Th
es
e
so
li
ds
co
ns
ti
tu
te
th
e
sa
me
de
ba
se
me
nt
of
wa
te
r
qu
al
it
y
as
do
so
li
ds
fr
om
er
os
io
n
of
la
nd
.
Th
us
wh
en
we
po
in
t
th
e
fi
ng
er
at
a
“s
ed
im
en
t
po
ll
ut
er
”
we
en
d
up
wi
th
a
ro
un
d—
ro
bi
n
si
tu
at
io
n.
Th
e
ur
ba
n
pe
op
le
po
in
t
to
th
e
su
b—
di
vi
si
on
de
ve
lo
pe
r,
th
e
de
ve
lo
pe
r
po
in
ts
to
th
e
fa
rm
er
,
an
d
th
e
fa
rm
er
po
in
ts
ba
ck
to
th
e
ur
ba
n
ar
ea
s.
_51-
 Section IV
SUMMARY
OF
RELEVANT
ONGOING
OR
PROPOSED
RESEARCH
AND
DEMONSTRATION
PROGRAMS
The
following
studies
are
being
conducted
in
or
in
close
prox—
imity
to
the
Great
Lakes
Region
and
are
thought
to
be
relevant
to
this report.
Income
Effects
of
Alternative
Farm
Plans
which
Achieve
Soil
Conservation.
Objective
—
Given
soil
losses
specified
as
acceptable
by
authorities,
income
effects
of
variation
of
following
fac—
tors
will
be
estimated
for
typical
farm
situations
in
selected
problem
areas
with
relatively
uniform
soil
condi—
.
tions:
capital
availability;
length
of
period
which
costs
1
and
returns
are
discounted;
substitution
of
mechanical
erosion
—
control
practices
for
vegetative
practices;
minimum
tillage
will
also
be
considered,
and
leasing
system.
Estimate
effect
of
soil
losses
on
income
above
recommended levels.
Investigator
—
E.
R.
Swanson,
University
of
Illinois,
Urbana, Illinois.
Sponsor
—
University
of
Illinois,
Agricultural
Experi—
ment Station, Urbana, Illinois.
Time frame of studies — 1967—1973.
New
information
likely
to
be
obtained
— The
effect
on
income
of
utilizing
soil
conservation
practices
which
re-
duce erosion and sediment yield.
Chemical and Sediment Movement from Agricultural Land into
Lake Erie.
Objective — Determine the quantity and kinds of soluble
and suspended constituents in water which drain into Lake
Erie. Evaluate the effect of different drainage methods,
tillage operations, and rainfall characteristics on con-
stituents entering Lake Erie from agricultural lands.
Determine the rates of leaching of phosphorus from fine
and coarse textured soils, identify discute compounds
formed, and determine threshold concentrations where soil
contributes phosphorus to lake water.
   
Investigator — G. O. Schwab, E. D. McLean, A. C. Waldron
and R. K. White, Ohio State University, Columbus, Ohio.
Sponsor - Ohio State University Water Resources Center,
Columbus, Ohio.
Time frame of studies — July 1969-Sept 1973.
New information likely to be obtained — Effect of tillage
practices on sediment and drainage water quality.
Pollution and Movement by Activation Analysis Principles.
Objective — Determine the sources of sediment contributing
to the pollution of streams and rivers. Determine the
pattern of sediment movement in a field to check theoreti-
cal mechanics of erosion equations. Determine the change
in total sediment load per unit of area as watershed size
increases. Relate sediment production to storm character—
istics.
Investigator — C. E. Beer and H. P. Johnson, Iowa State
University, Ames, Iowa.
Sponsor - Iowa State University, Agricultural Experiment
Station, Ames, Iowa.
Time frame of studies — 1969—1974.
New information likely to be obtained - Sediment delivery
ratio for small watersheds.
Contribution of Soil Detachment and Transportation by Raindrop
Action to the Total Erosion from an Area.
Objective - Determine relative significance of raindrop
erosion as opposed to runoff erosion. Evaluate erosion
process in a rill and between rills to determine where
infiltration occurs.
Investigator - R. A. Young, Agricultural ResearchService,
Morris, Minnesota.
Time frame of studies - 1969-1975.
Sponsor — Agricultural Research Service.
New information likely to be obtained - The determination
of dominance of raindrop erosion or runoff erosion.
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 Field Determination of Nutrient and Sediment from Non—point
Sources.
Objectives - Relate water quality and sediment yield to
land use practices. Provide data for an agricultural
chemical transport model.
Investigator — R. A. Young and C. A. Onstead, Agricul—
tural Research Service, Morris, Minnesota.
Sponsor — USDA, Agricultural Research Service.
Time frame of studies — January 1973-January 1974.
New information likely to be obtained - Refine the
effect of land use practices on sediment yield.
Mechanics and Control of Soil Erosion by Water.
Objective - Define principles involved in soil detach—
ment and transport by rainfall and water movement across
or through the soil. Develop and test practices that use
crop residues, tillage techniques and soil treatment to
reduce erosion.
Investigator — W. H. Wischmeier, USDA, Agricultural Re-
search Service, Lafayette, Indiana.
Time frame of studies - 1969—1974.
Sponsor — USDA, Agricultural Research Service, Lafayette,
Indiana.
New information likely to be obtained — Data which can be
used to improve predictive equations.
Black Creek Study — Program for Reduction of Sediment and Related
Pollutants in the Maumee River and Lake Erie.
Objective — Determine the characteristics which would be
necessary to conduct a meaningful demonstration and research
project on a small watershed. An investigation of the Black
Creek Area identified land treatment measures, which will
significantly reduce the sediment contribution from this
watershed to the Maumee River. Monitoring sites were selec-
ted within the watershed and a plan of investigation which
i will lead to a projection of results of the demonstration
; project to the basin was developed. Also developed were
a series of scientific studies to aid in the understanding
of the mechanisms involved in the treatment of the water—
shed. A work schedule for treatment was developed and
specific areas of concern identified.
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Southeast Michigan Type 4 Study
Objective — Analysis of flooding,
drainage and land use
and management of the area.
Investigators — Soil Conservation Service, Economic Research
Service and Forest Service, East Lansing, Michigan.
Time frame of studies — 1967—1974.
Sponsor
— Corps
of Engineers
and State
of Michigan,
Depart-
ment of Natural Resources, East Lansing, Michigan.
New information likely to be obtained — An analysis of how
land use, flood control, drainage, land treatment, and
erosion control effect each other.
Prediction of Erosion and Sediment Transport from Agricultural
Watersheds.
Objective ~ To model rainfall-runoff-erosion and transport
processes on a cropped watershed. To determine amounts of
erosion from small single crop watersheds as affected by soil
type, land use treatment, and rainfall characteristics.
Investigators - D. C. Kincaid and W. M. Edwards, Coshocton,
Ohio.
Sponsor - USDA, Agricultural Research Service.
New information likely to be developed - Modeling work will
result in a greater understanding of the process of detach—
ment, transport and deposition of sediment on a watershed.
This knowledge will aid in the prediction of chemical
transport on sediment. The erosion data from small water—
sheds will be analyzed with a modified Universal Soil Loss
Equation that includes runoff as an erosion and transport
vehicle to obtain improved estimates of the crop manage—
ment and erosion control practice factors.
Erosion and Sediment Inventory in New York State.
Objective - Determination of the gross erosion and resulting
sedimentation occurring in New York.
Investigator — USDA, Soil Conservation Service, Syracuse,
New York.
Time frame of study — 1971—1974.
-56...
  
Sponsor - USDA, Soil Conservation Service in cooperation
with Soil and Water Conservation Districts.
New information likely to be obtained — The magnitude,
location and extent of erosion and sedimentation problems
in New York State.
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t
i
c
e
s
n
e
e
d
e
d
to
do
the
control
job.
Each
practice
in
the
system
has
a
specific
and
o
f
t
e
n
c
r
i
t
i
c
a
l
r
e
l
a
t
i
o
n
s
h
i
p
to
the
o
t
h
e
r
p
r
a
c
t
i
c
e
s
.
For
e
xa
m
p
l
e
,
m
i
n
i
m
u
m
t
i
l
l
a
g
e
can
and
does
r
e
d
uc
e
e
r
o
s
i
o
n
but
the
ero—
sion
is
reduced
to
a
greater
degree
when
this
practice
is
used
in
conjunction
with
other
applicable
practices.
The
total
land
treat-
ment
system
is
more
effective
in
reducing
erosion
than
the
sum
of
its
c
o
m
p
o
n
e
n
t
p
a
r
t
s
.
The
following
list
of
practices
is
by
no
means
complete,
but
it
covers
the
most
important
ones
in
use
in
the
Great
Lakes
Basin.
 
Conservation
Cropping
Systems
-
Growing
crops
in
combination
with
needed
cultural
and
management
measures
particularly
the
use
of
close
growing
crops
on
erodible
soil.
Contour
Farming
—
Conducting
farming
operations
on
sloping
land
in
such
a
way
that
plowing,
land
preparation,
planting
and
cultivating
are
done
on
the
contour.
Cover
and
Green
Manure
Crop
-
A
crop
of
close-growing
grasses,
legumes,
or
small
grain
used
primarily
for
seasonal
protection
and
for soil improvement.
Critical
Area
Planting
—
Stabilizing
severely
eroded
areas
by
establishing vegetative cover.
Crop
Residue
Management
-
Utilizing
and
managing
crop
resi-
dues
for
soil
protection
on
a
year
round
basis
or
when
critical
ero-
sion periods usually occur.
Diversion
—
Channel
constructed
across
the
slope
for
the
pur-
pose of intercepting runoff.
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Gra
de
Sta
bil
iza
tio
n
Str
uct
ure
-
A
str
uct
ure
to
sta
bil
ize
the
gra
de
or
to
con
tro
l h
ead
cut
tin
g
in
nat
ura
l
or
art
ifi
cia
l
cha
nne
ls.
 
Gra
sse
d W
ate
rwa
y
or
Out
let
—
A n
atu
ral
or
con
str
uct
ed
wat
er—
way
or
out
let
sha
ped
or
gra
ded
and
est
abl
ish
ed
in
sui
tab
le
veg
eta
—
ti
on
as
ne
ed
ed
for
the
saf
e
di
sp
os
al
of
run
off
.
Mi
ni
mu
m
Ti
ll
ag
e
-
Li
mi
ti
ng
the
nu
mb
er
of
cu
lt
ur
al
op
er
at
io
ns
to
tho
se
tha
t
are
pro
per
ly
tim
ed
and
ess
ent
ial
to
pro
duc
e
a c
rop
and prevent soil damage. ‘
Mul
chi
ng
- A
ppl
yin
g
pla
nt
res
idu
es
or
oth
er
sui
tab
le
mat
eri
als
not produced at the site to the soil surface.
Pas
tur
e a
nd
Hay
lan
d M
ana
gem
ent
- P
rop
er
tre
atm
ent
and
use
of
pasture or hayland.
Pr
op
er
Gr
az
in
g
Us
e
-
Gr
az
in
g
at
an
in
te
ns
it
y
wh
ic
h
wi
ll
mai
n-
tai
n e
nou
gh
cov
er
to
pro
tec
t
the
soi
l
and
mai
nta
in
or
imp
rov
e
the
quantity and quality of desired vegetation.
Sed
ime
nt
Deb
ris
Bas
ins
—
Sto
rag
e f
or
sed
ime
nt
pro
vid
ed
by
a
dam
wit
h s
pil
lwa
y a
bov
e c
han
nel
gra
de;
by
exc
ava
tio
n b
elo
w g
rad
e o
r
bot
h.
Wat
er
ret
ent
ion
is
not
an
int
end
ed
fun
cti
on
of
the
str
uct
ure
.
Str
eam
Cha
nne
l
Sta
bil
iza
tio
n
— S
tab
ili
zin
g
the
cha
nne
l
of
a
stream with suitable structures.
Str
ipc
rop
pin
g
- G
row
ing
cro
ps
in
a s
yst
ema
tic
arr
ang
eme
nt
of
str
ips
or
ban
ds
acr
oss
the
gen
era
l
slo
pe
or
on
the
con
tou
r
to
re—
duce water erosion.
Ter
rac
ing
- D
eve
lop
men
t
of
wat
er
sto
rag
e
cap
aci
ty
alo
ng
the
con
tou
r b
y e
xca
vat
ion
and
pla
cem
ent
of
soi
l a
s a
n e
mba
nkm
ent
alo
ng
the
dow
nst
rea
m s
ide
.
Int
erv
als
var
y w
ith
pre
cip
ita
tio
n,
soi
l
and
slo
pe.
'
Urb
an
lan
d
is
tre
ate
d w
ith
man
y
of
the
se
sam
e
mea
sur
es.
In
fac
t t
he
rea
son
ing
beh
ind
the
fol
low
ing
lis
t o
f p
rin
cip
les
for
se
di
me
nt
co
nt
ro
l
on
ur
ba
n
la
nd
fo
ll
ows
the
sam
e
re
as
on
in
g
us
ed
for
agricultural land .
1.
Exp
ose
the
sma
lle
st
pra
cti
cal
are
a o
f l
and
at
any
one
tim
e
dur
ing
con
str
uct
ion
.
Cle
ar
onl
y s
tre
et
rig
hts
-of
—wa
y"i
ni—
tia
lly
;
do
not
dis
tur
b
the
rem
ain
ing
are
as
unt
il
sto
rm
drainage systems and streets, curbs and gutters are in-
stalled.
2.
Exp
ose
the
are
a f
or
the
sho
rte
st
pra
cti
cal
per
iod
of
tim
e.
Sch
edu
le
con
str
uct
ion
so
tha
t o
nly
a l
imi
ted
amo
unt
of
lan
d
is
exp
ose
d d
uri
ng
per
iod
s of
hig
h i
nte
nsi
ty
sto
rms
whi
ch
are most likely to cause erosion.
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3. Make temporary plantings or install land treatment measures
to protect critical exposed areas. Stabilize those graded
lots which will remain exposed for an appreciable period of
time with temporary vegetation. Provide temporary diver—
sions to intercept water flowing down slopes and convey
that water to a non—erodible outlet.
4. Install and maintain sediment traps or basins to separate
the sediment from runoff water.
5. Accommodate increased runoff. The changed soil and surface
conditions, particularly the addition of impervious areas,
increases the volume of runoff. Provide for storm water
management which includes onsite storage.
6. Establish permanent vegetation and structures as soon as
possible.
7. Fit the development plan to topography and soils so that
erosion potential is lowest. Alter the development to
fit the ground, not the ground to fit the development.
This reduces the amount of grading required and allows the
retention of the maximum amount of natural vegetation.
8. Where feasible, natural vegetation should be retained and
protected. Plan homesites to make optimum use of existing
topography and vegetation.
It can readily be seen that many of the soil conservation prac—
tices listed previously are useable or can be adopted with slight
modification for urban use.
These soil conservation practices when properly applied are
very effective in reducing erosion. The problem is to get all the
necessary practices applied. It is estimated that approximately 64%
of all agricultural land in the U. S. portion of the Basin still
needs some treatment (4]. The present erosion rates are about 80%
of what they would be if none of the soiD conservation practices
had been established in the Basin (5). If all soil conservation
practices needed for erosion control were established, erosion
rates would approach “natural geologic erosion rates." Unfor—
tunately soil conservation programs like all human endeavors, are
in practice seldom 100% effective.
Restrictions which limit further reduction of erosion and sedi-
ment yield rates by the use ofsoil conservation practices are mostly
economic. A farmer would rather plant a cash crop than one designed
just for erosion control as he gets a greater immediate return from
the cash crop. Efforts to stimulate motivation, interest, and
acceptance of new ideas is needed.
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If
a
ma
ss
iv
e
pr
og
ra
m
to
ac
hi
ev
e
co
ns
er
va
ti
on
la
nd
us
e
an
d
tr
ea
tm
en
t
wa
s
st
ar
te
d,
it
wo
ul
d
no
t
be
co
mp
le
te
ly
ef
fe
ct
iv
e
be
—
ca
us
e
of
va
ri
ou
s
ec
on
om
ic
an
d
pe
rs
on
al
co
ns
tr
ai
nt
s.
Th
er
ef
or
e,
co
ns
id
er
in
g
th
e
so
il
co
ns
er
va
ti
on
pr
og
ra
m
as
it
is
ap
t
to
be
ap
pl
ie
d
th
e
re
du
ct
io
n
in
er
os
io
n
an
d
se
di
me
nt
yi
el
d
mi
gh
t
be
70
%
effective (5).
Wh
en
co
mp
ar
ed
to
ot
he
r
Ba
si
ns
in
th
e
U.
S.
,
th
e
se
di
me
nt
pr
ob
—
le
m
is
no
t
as
gr
ea
t.
Of
co
ur
se
lo
ca
l
pr
ob
le
m
ar
ea
s
ex
is
t
an
d
it
is
im
po
rt
an
t
to
el
im
in
at
e
th
es
e.
Th
e
mo
st
im
po
rt
an
t
re
as
on
fo
r
re
-
du
ci
ng
th
e
po
ll
ut
io
n
ca
us
ed
by
se
di
me
nt
fr
om
ag
ri
cu
lt
ur
al
an
d
ur
-
ba
n
la
nd
is
to
mi
ni
mi
ze
th
e
am
ou
nt
of
ot
he
r
po
ll
ut
an
ts
co
mi
ng
to
th
e
La
ke
s.
Se
di
me
nt
is
th
e
pr
in
ci
pa
l
me
an
s
by
wh
ic
h
ot
he
r
po
ll
u—
tants are carried to the Lakes.
Th
e
te
ch
no
lo
gy
in
th
e
fi
el
d
of
so
il
co
ns
er
va
ti
on
is
we
ll
en
ou
gh
de
Ve
lo
pe
d
so
th
at
er
os
io
n
ca
n
be
he
ld
wi
th
in
to
le
ra
bl
e
li
mi
ts
if
th
e
pr
op
er
pr
ac
ti
ce
s
ar
e
in
st
al
le
d.
Fr
eq
ue
nt
ly
,
ho
w—
ev
er
,
th
er
e
ha
s
to
be
a
tr
ad
e
of
f
ag
ai
ns
t
ec
on
om
ic
s.
In
th
es
e
ca
se
s
ei
th
er
a
le
ss
de
si
ra
bl
e
or
ef
fe
ct
iv
e
so
il
co
ns
er
va
ti
on
pr
ac
-
ti
ce
is
in
st
al
le
d
or
no
th
in
g
is
do
ne
.
It
is
in
th
is
ar
ea
wh
er
e
th
er
e
is
a
ne
ed
fo
r
ne
w
te
ch
no
lo
gy
.
Fo
r
in
st
an
ce
,
in
so
me
po
r-
ti
on
s
of
th
e
Ba
si
n
it
is
th
e
pr
ac
ti
ce
of
th
e
fa
rm
er
s
to
pl
ow
th
e
lan
d
in
the
fal
l
for
a
sp
ri
ng
pl
an
ti
ng
.
Fal
l
pl
ow
in
g
lea
ves
the
lan
d
un
pr
ot
ec
te
d
fr
om
pr
ec
ip
it
at
io
n
an
d
wi
nd
and
in
the
wo
rs
t
po
ss
ib
le
co
nd
it
io
n
as
fa
r
as
er
os
io
n
pr
ot
ec
ti
on
in
wi
nt
er
an
d
sp
ri
ng
is
co
nc
er
ne
d.
Th
e
fa
rm
er
s
sa
y
th
ey
fa
ll
pl
ow
be
ca
us
e
wi
nt
er
pr
ec
ip
it
at
io
n
le
av
es
th
e
gr
ou
nd
to
o
we
t
to
pl
ow
in
th
e
sp
ri
ng
and
wi
th
ou
t
pl
ow
in
g
th
ey
ca
nn
ot
pl
an
t
an
d
gr
ow
a
cro
p.
Te
ch
ni
qu
es
for
pr
ot
ec
ti
on
of
th
es
e
typ
es
of
lan
ds
ne
ed
to
be
im-
proved.
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 Section VI
NEED FOR NEW RESEARCH, DEMONSTRATION OR MONITORING PROGRAMS
As pointed out in section III—4 techniques for predicting
sediment yield from large watersheds or from urban land are not
very precise.
In order to make more accurate predictions on
sediment yield to the Lakes many more sediment sampling stations
on streams need to be established.
These stations should be located
close to the mouth of the stream so as to measure as much of the
watershed as possible.
Also, additional sediment sampling stations
should be located within the watershed to help refine source
infor-
mation.
If stations in the upper watershed were monitored and the
data correlated with changes in land use considerable useful infor—
mation could be acquired on the effect of land use and treatment
on sediment yield. Installation of these stations and acquisition
of data from them might be considered research, data collection, or
a monitoring program. In order to make the predictions which are
based on this data as accurate as possible the period of record of
the stations should be as long as necessary to obtain suitable
information. A minimum period of record is suggested as 3-5 years
but some stations might be needed for 10 years or longer.
Since it is not likely that all streams flowing into the Lakes
can be measured and sampled it would be desirable to have other
methods of predicting sediment yield. One method is by use of
gross erosion and sediment delivery ratios. There are reservations
about thevalidity of the sediment delivery ratio curve on larger
watersheds. Research on sediment delivery ratio is needed to
refine this method.
Comparison of a measured sediment accumulation from a water-
shed to another under study is one more technique for predicting
sediment yield. In order to use this method with confidence many
more reservoir sediment surveys must be made. These surveys
should be on reservoirs which have a variety of watershed sizes.
Once measured selected reservoirs should be measured again on an
interval determined by conditions in the watershed. If a water-
shed changes from agricultural to urban land use sediment surveys
in a downstream reservoir can furnish sediment yield rates for
agricultural, urban construction, and urban land use. Measuring
sediment in reservoirs could be considered research, long ranged
monitoring programs and data gathering.
 
Where there is no need for gross erosion information and
all that is desired is an estimate of the sediment yield at a
given pointpredictive equations to furnish this information can
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be very useful.
for this area.
would be very desirable.
To date no equations of this type
have been developed
Basic research to develop an equation of this type
Research, data collection and long ranged monitoring programs
could be used to acquire information on sediment from urban construc-
tion activity and settled urban areas.
The magnitude of the factors
effecting sediment yield from these areas have not yet been defined.
Some research is needed to develop
techniques to protect those
lands where the farmers practice fall plowing.
The research could
be in the form of proof that fall plowing was not needed with the
present level of technology or in the development of agronomic and
mechanical practices which
wouldfurnish protection to the land
during the critical winter period.
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Section 1
SUMMARY
1.1 Introduction
This report attempts to indicate the present and poten-
tial future problems associated with animal waste and intensive
animal feedlots on land tributary to the Great Lakes. Atten-
tion is focused on surface and groundwater problems.
Relatively little land in the Basin is used for live-
stock production. The major land use is predominantly crop-
land and woodland. Land associated with dispersed livestock
operations, pasture land, is estimated to be no more than
5-14% of the land in the Basin. The relative pollution
potential from livestock operations is not necessarily in
the same proportion as the land use since the pollutants per
unit of runoff from feedlots and similar operations are
higher than those from other land uses.
All types of livestock are produced in the Basin with
dairying being the major livestock operation. In 1969, there
were approximately 130,000 farms that had an income of $2500
per year or greater producing livestock in the Great Lakes
Basin. Additional smaller farms also existed.
Few of the livestock operations are extremely large,
there being only about 190 beef cattle feedlots with a
capacity of 1000 head or greater in all of the states ad-
jacent to the Great Lakes. Information is not available on
the number of feedlots on land tributary to the Great Lakes.
The potential pollution problems from these livestock
operations are contaminants in runoff from confined opera-
tions, from land used for manure disposal, and from pasture
land. The potential contaminants are diverse including
organics, inorganics, nutrients, bacteria, solids and
soluble material.
1.2 Summary of Findings and Conclusions
The water pollution problems associated with animal
wastes and intensive animal feedlots in the Great Lakes
Basin are those due to runoff from land used for animal
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production. The definition of an intensive animal feedlot
is arbitrary. If one uses the definition of a feedlot that
appears in the EPA regulations for the feedlot point source
category, i.e., operations having 1000 head of beef cattle,
700 head of dairy cattle, 2500 swine, 10,000 sheep, 55,000
turkeys, 5,000 ducks, or poultry operations with a liquid
system, there are very few intensive livestock operations
in the Basin.
However, there are large livestock operations in the
Basin. By using a definition of an intensive, single specie
operation as an operation having either 100 or more head of
cattle, 200 or more hogs and pigs, or 10,000 or more poultry,
the location of the large operations were identified by
counties. The major livestock production areas are southern
Wisconsin, southern Michigan, western Ohio, and northern
New York. Streams draining these areas will be the main
transporters of any potential runoff pollution from live-
stock operations to the Great Lakes.
The livestock operations in the Great Lakes Basin are
less intensive operations than the large beef cattle feed-
lots in the midwest that have attracted national attention
due to size and water pollution potential. Average live-
stock population per farm in the states adjacent to the
Great Lakes ranged from 44 to 62 cattle and calves per
farm, 28 to 157 hogs and pigs per farm, and 340 to 3220
poultry per farm. These operations commonly are livestock-
crop production operations withavailable land for waste
disposal as well as the need for the fertilizer value of
the wastes. The actual water pollution problems in the
Basin due to animal wastes are largely unknown and can only
be suspected.
Technology and guidelines are available to control the
point source runoff from intensive livestock operations and
to minimize the contamination from land used for manure
disposal and from pasture land. The EPA feedlot point
source regulations that became effective on April 15, 1974
appear adequate to control the pollution from the large
livestock operations as well as others who have or will
cause pollution problems. Assuming that the EPA regulations
will be enforced, point source animal waste pollutionprob-
lems will be less severe in the future. Non—point pollution
problems probably will be the same or slightly less in the
future.
  
There appears to be no need for state pollution con-
trol activities to be more stringent than the federal
activities with regard to wastes from animal production
operations. One of the largest concerns is how and if
the regulations will be enforced. The many diverse live-
stock operations will require flexible interpretation
of the regulations and knowledgeable individuals to a-
chieve the pollution control objectives. The design and
regulatory personnel that are needed can be a constraint
on the rapid implementation of animal wastes pollution
control in the Basin.
Very little information is available to assess the
groundwater pollution problem associated with livestock
operations in the Basin. Such problems would be localized
problems if they do exist. Greater information would be
useful in this area.
A considerable amount of research has been conducted
and is underway to find technical solutions to animal waste
management problems. However, there are few apparent
projects that relate surface and groundwater quality to
livestock density, land waste application rates, or other
important management variables. Few existing projects
appear broad enough to permit unit quantitative values
or predictive cause and effect relationships to be devel-
oped. Of particular need are studies that will identify
the changes in pollutants that take place as contaminated
runoff is transported across land and in streams.
1.3 Recommendations
Greater details on these recommendations can be found
in Section 9. Based upon the information gathered for this
report, it is recommended that:
a — A groundwater monitoring program should be
_ established to assess the changes in ground-
water in and around livestock operations,
including confined operations, pasture land,
and land used for manure disposal.
b - Several comprehensive surface water monitor-
— ing programs should be established to relate
runoff characteristics to land and waste
management conditions and to develop predic-
tive quantitative pollutant loss relationships
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— Detailed studies should be instituted to
quantify the Changes that take place in
runoff contaminants as the runoff is trans-
ported across land and in streams. Such
studies should be broad enough to identify
changes in chemical, physical, and bacter-
iological parameters as well as to take
annual variations in hydrologic events into
account.
Field scale studies should be instituted to
establish land application rates for animal
wastes that will minimize surface and ground—
water pollution problems.
An analysis should be made to determine how
the federal and any state regulations will be
enforced to control animal waste pollution
problems in the Basin, if adequately trained
personnel are available to assist producers
and to staff pollution control agencies, and
the level of personnel and financial support
that is necessary, if any, to accomplish such
pollution control.
Each state or region should be encouraged to
develop good practice guidelines to help the
livestock producer understand the magnitude
of the pollution problems that may result from
animal production operations, the regulations
he faces, the technology he can apply, and the
assistance he can obtain.
 
Section 2
INTRODUCTION
2.1 General
Historically, major efforts to maintain and enhance
the water quality of the nation have focused upon problems
caused by urban centers. This emphasis has been due to
pressing problems in controlling industrial pollution, in
treating domestic liquid wastes, in disposing of municipal
solid wastes, and perhaps because of an instinctive feel-
ing that agriculturally related environmental quality prob-
lems were uncontrollable and/or minor.
In recent years,
however, increasing attention has been given to the waste
problems of agriculture.
The specific role of agriculture as it affects the wa-
ter quality of the nation is unclear.
The contribution of
agriculture to water, air, and nuisance problems, in compar-
ison to contributions from industrial and domestic sources,
is difficult to assess.
The available information suggests
that the contribution from agriculture may be significant at
the regional or local
level.
Data on fish kills from feed-
lot runoff, nutrient problems due to runoff from cultivated
lands, the possible contamination of groundwaters from crop
production and land disposal of wastes, and the increasing
size of agricultural production operations indicate that the
environmental consequences of these changes must be properly
assessed in terms of regional, national, and international
water quality needs and goals.
This report attempts to indicate the present and possi-
ble future problems and solutions associated with animal
wastes and intensive animal feedlots on land tributary to
the boundary waters of the Great LakeS. Specific emphasis
is on surface and groundwater problems.
 
2.2 Scope of Study
The significance of pollution from livestock production
operations has been the subject of many conferences, sympo-
sia, and detailed reports. Many papers have described the
general and specific aspects of livestock wastes as they may
affect water quality and cause water pollution problems. A
list of the reports, proceedings, and books that are perti-
5
 
 nent to the control of pollution from livestock wastes is
noted in Section 10 — References.
Although this study focuses on the livestock opera—
tions and companion water quality problems in the Great
Lakes Basin, the study was not confined to those reports
and documents describing operations and problems in the
Basin. Studies and data from all parts of the nation are
able to provide insight to the magnitude and quantitative
aspects of water pollution that may result from livestock
operations. Relevant information available from the pub-
lished literature, governmental reports, federal abstract-
ing organizations, and conference proceedings were reviewed
in developing this report.
Studies that were particularly
important to this assessment are cited in the subsequent
sections.
The environmental problems associated with livestock
production are relatively recent, being obvious to those
most close to the problem for about 15 years and obvious to
to the general public for no more than 10 years.
Consider—
able effort in the early years was spent defining the mag-
nitude of the problem and assessing the most suitable
approaches for solutions to air and water pollution prob—
lems.
Viable waste management approaches began emerging in
the last five years. Current research and demonstration
activities continue to clarify the technical and economic
feasibility of various waste management alternatives.
Thus the time frame considered for this report covers
the past 10 years.
Most of the studies cited are more re—
cent with some information becoming available as recently
as late 1973 and early 1974.
2.3 Study Procedure
The work was accomplished by a detailed review of the
large volume of pertinent material collected by the author
over the past decade, by obtaining recent publications and
reports from governmental agencies and available technical
journals, and by phone and in-person discussions with indi—
viduals knowledgeable in many aspects pertinent to the study.
Individuals in the Agricultural Research Service, U.S.
Department of Agriculture and the Environmental Protection
Agency (EPA) were contacted to obtain details of their most
recent research activities related to livestock waste man-
agement. The Effluent Guidelines Division of EPA was
contacted for the most recent version of the guidelines
pertaining to the Feedlot point source category.
Individ—
uals in the Economic Research Service, USDA, were contact-
ed for the most recent information on the size of livestock
operations.
The 1969 U.S. Census of Agriculture was used
to
identify
the
size
and number
of
livestock
operations
in
the counties tributary to the Great Lakes.
Individuals in
several
states
were
contacted
for
information
on
state
regulations pertaining to management of livestock wastes.
The Great Lakes Basin Commission furnished economic
and demographic information concerning agriculture in the
Great Lakes Basin as well as a recent print out of abstracts
available from the Current Research Information System
(CRIS), USDA.
In addition to the CRIS abstracts, notice
of
research
projects
from
the
Smithsonian
Science
Informa-
tion Exchange were obtained and reviewed as were abstracts
of articles on agricultural runoff from the Water Resources
Scientific Information Center.
Pertinent information
from
Canada and England also was reviewed.
All of this information was synthesized and incorpora—
ted into the report as appropriate.
Specific information
and references are cited where used.
The few assumptions
that were made are noted as they are first discussed.
2.4 National Overview
2.4.1 General
Agricultural production practices have not remained
static in recent decades but have been in dynamic change to
increase efficiency of production and to meet the demand
for increased food supplies. All agricultural production
is becoming more intensive. Farm size and productivity per
farm worker have increased. It is unlikely that the ulti-
mate in agricultural productivity has been reached and
further increases in agricultural efficiency and production
will be achieved. These changes have the potential to ad-
versely affect surface and groundwater quality unless
continued efforts are made to accompany these changes with
improved waste management methods.
Population growth and consumer desire determine demand
for agricultural products. As the standard of living with-
in a county improves, a greater demand for livestock and
livestock products occurrs and there 15 a decline in the
7
  
  
consumption of starchy foods. In the United States, the
per capita consumption of beef and broilers has increased
while that of dairy products, eggs, cereal products, pork
and fresh fruits andvegetables has decreased. Since 1950,
U.S. per capita consumption of all red meat, beef, and
broilers has increased at about 0.8, 0.9, and 0.45 kg (1.8,
2.0, and 1.0 pounds) per year respectively. The increase
in red meat consumption is due to the strong upward trend
in beef consumption which has more than offset the decline
in consumption of pork, lamb, and veal. In 1970, about 180%
more chicken meat and about 240% more turkey meat were pro-
duced than in 1950. Chicken and turkey consumption per
person increased about 110% during this period. Total U.S.
per capita food consumption in 1970 was 6% greater than that
in 1960.
If these trends continue, significant increases in beef
cattle and broiler production will be needed to meet both
the population growth and the increased per capita consump-
tion. The production of other animal products will increase
at a rate close to or slightly less than that of the popula—
tion growth.
2.4.2 Livestock
To be economically competitive, livestock production has
become concentrated in larger operations, become specialized
in certain geographical areas, and used long distance trans-
portation of inputs and outputs. The result has been in—
creased confinement feeding of livestock and increased
numbers of animals per livestock operation. Mechanization,
improved production methods, and better nutrition and dis-
ease control have made it possible for the livestock producers
to handle more animals with a minimum personnel increase.
The scarcity of inexpensive farm help has supported the trend.
The most dramatic increase in livestock production has
occurred in the broiler industry where the numbers of broil—
ers raised in the United States increased from 1.8 billion
in 1960 to almost 3 billion in 1970. During the same period,
the number of beef cattle increased about 25 million head, an
increase of about 38%.
Over two-thirds of the U.S. milk production is in the
North Atlantic (19%), East North Central (28%), and West
North Central (21%) states. The East North Central region
consists of states tributary to the Great Lakes, i.e.,
Wisconsin, Illinois, Indiana, Michigan, and Ohio. Of the
8
other
states
tributary
to
the
Great
Lakes,
New
York
and
Pennsylvania
are
in
the
North
Atlantic
region
and
Minnesota
is
in
the
West
North
Central
region.
The
three
top
milk
producing
states
are
Wisconsin,
Minnesota,
and
New
York.
 
Fewer
but
larger
dairy
farms
will
exist
in
the
future
as
dairymen
improve
techniques
to
produce
livestock
pro-
ducts
more
efficiently
and
profitably.
There
are
differen-
ces
in
milk
production
per
cow
between
and
within
the
re-
gions.
In
the
next
decade,
these
variations
will
continue.
Overall,
the
total
milk
production
in
the
United
States
should
remain
constant
or
slightly
decrease
if
milk
produc-
tion
per
cow
increases
at
about
the
same
rate
the
number
of
cows
decrease.
If
there
is
a
decrease
in
the
energy
content
of
dairy
cattle
feed
or
if
numbers
of
milk
cattle
decrease
because
of
increased
meat
demand,
the
total
milk
production
will
decrease
more
rapidly.
 
The
demise
of
small,
less
than
30
cow
dairy
farms
in
Michigan
has
been
predicted
by
1980.
Dairy
farms
with
30-
50
cows
are
expected
to
remain
constant
in
numbers
while
the
farms
having
greater
than
50
cows
are
expected
to
in—
crease
from
685
in
1959
to
2400
in
1980
and
to
contribute
over
55
percent
of
the
milk
production
in
that
state
(1).
In
New
York,
it
has
been
estimated
that
there
will
be
10,000
dairy
farms
in
1985,
a
decrease
of
14,000
farms
from
those
that
existed
in
1968.
The
average
size
of
the
herds
in
1985
will
be
80
cows,
approximately
double
the
herd
size
in
1968.
The
number
of
herds
with
100
or
more
cows
is
estimated
to
triple
by
1985
(2).
Between
1960
and
1970,
New
York
dairy
farms
with
less
than
30
cows
declined
by
more
than
70%.
Farms
with
50
or
more
cows
increased
by
over
30%
and
farms
with
over
100
cows
increased
by
about
110%
during
this
period.
Similar
changes
are
expected
in
other
states
bor-
dering the Great Lakes.
The
changes
in
both
the
numbers
and
sizes
of
beef
cattle
feedlot
operations
have
been
dramatic.
Specialization
has
removed
many
cattle
from
pasture
and
grass
land
and
has
re-
sulted
in
confinement
of
large
numbers
in
small
areas
with
an
average
density
of
perhaps
one
animal
per
4.5
to
14
square
meter
(50
to
150
square
feet).
During
the
1960-1970
period,
the
number
of
cattle
on
feed,
i.e.,
in
feedlots,
in
the
United
States
increased
at
the
rate
of
over
one-half
million head per year.
Since
mid—century,
commercial
feedlot
operations,
in
which
feed
and
water
are
brought
to
the
animals
in
confined
areas,
have
been
expanding
rapidly.
Beef
cattle
enter
such
feedlots
weighting
270-360
kilograms
(600—800
pounds),
are
9
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rat
ion
s
exi
st,
the
far
-
mer
—fe
ede
r w
ho
has
a f
eed
lot
wit
h
les
s
tha
n
lOO
O
hea
d
cap
a—
cit
y
and
the
com
mer
cia
l
fee
dlo
t w
hic
h
gen
era
lly
has
gre
ate
r
tha
n
100
0
hea
d
and
who
se
bus
ine
ss
is
pri
mar
ily
cat
tle
pro
-
duc
tio
n.
Nei
the
r
the
num
ber
of
cat
tle
fed
or
the
cap
aci
ty
of
the
fee
dlo
t
is
the
mos
t
imp
ort
ant
cri
ter
ion
to
ind
ica
te
the
pol
lut
ion
pot
ent
ial
of
the
se
two
ope
rat
ion
s.
Fro
m
the
pol
lut
ion
sta
ndp
oin
t,
the
imp
ort
ant
fac
tor
s
are
whe
the
r
ru
no
ff
re
te
nt
io
n
po
nd
s
ar
e
us
ed
,
wh
et
he
r
la
nd
is
av
ai
la
bl
e
for
was
te
dis
pos
al,
and
how
it
is
use
d
for
suc
h
dis
pos
al.
Gen
era
lly
the
sma
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r
cat
tle
fee
der
s
are
far
mer
s
and
hav
e
ade
qua
te
lan
d
ava
ila
ble
to
int
egr
ate
was
te
dis
pos
al
wit
h
cr
op
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uc
ti
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.
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e
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in
the
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and
the
lar
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com
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ero
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in
the
Tex
as,
Okl
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ma,
Kan
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,
Col
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do
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are
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The
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d
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but
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to
the
Gre
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Lak
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doe
s
not
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d
a s
ign
ifi
can
t
pro
por
tio
n
of
the
nat
ion
al
bee
f
cat
tle
pro
duc
tio
n
nor
doe
s
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hav
e
man
y
lar
ge
fee
dlo
ts.
Ind
ivi
dua
l
fee
dlo
ts
of
any
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e
can
,
how
eve
r,
con
tri
but
e
con
tam
ina
ted
run
off
to
sur
fac
e
wat
ers
unl
ess
ade
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con
tro
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are
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e
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e
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.
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mos
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n
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d
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a
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cen
tra
l
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n
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t
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ds
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ut
8 m
ill
ion
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d
and
a t
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d
are
a
in
Neb
ras
ka
and
eas
ter
n
Col
ora
do
fee
ds
abo
ut
6 m
ill
ion
hea
d
ann
ual
ly.
The
fou
rth
are
a
is
in
sou
the
rn
Cal
ifo
rni
a
and
Ar
iz
on
a
wh
ic
h
fe
ed
s
ab
ou
t
3
mi
ll
io
n
he
ad
pe
r
ye
ar
.
Al
l
bu
t
th
e
la
st
ar
ea
ha
ve
ha
d
la
rg
e
in
cr
ea
se
s
in
fe
d
ca
tt
le
du
ri
ng
the 1960-1970 period.
Th
e
la
rg
e
be
ef
fe
ed
lo
ts
wi
ll
co
nt
in
ue
to
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et
a
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te
r
pr
op
or
ti
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of
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e
be
ef
.
Fe
ed
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00
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1%
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e
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50
%
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.
Th
e
to
ta
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ed
-
lo
ts
is
de
cr
ea
si
ng
as
sm
al
le
r,
in
ef
fi
ci
en
t
lo
ts
go
ou
t
of
business.
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The
raising
of
dairy
steers
in
feedlots
for
meat
pro-
duction
is
an
emerging
livestock
operation.
A
dairy
beef
enterprise
offers
a
supplemental
income
for
dairymen
who
have
labor,
feed,
and
facilities
available.
With
the
demand
for
beef,
dairy—beef
feedlots
should
increase
in
number.
The
poultry
industry
is
another
example
of
intensive
livestock
production.
In
the
major
poultry
producing
re-
gions,
most
laying
hens
and
broilers
are
raised
in
confine-
ment.
Large
poultry
operations
are
highly
mechanized
and
are
able
to
handle
over
100,000
birds
per
operation.
Pre-
sent
poultry
management
permits
the
concentration
of
layers
in
buildings
housing
several
hundred
thousand
birds
on
a
site
consisting
of
small
acreage.
Over
70
billion
eggs
were
produced
in
1970
by
about
320
million
birds.
Egg
production
is
distributed
through-
out
the
United
States
with
the
greatest
increase
in
produc—
tion
during
1960—70
occurring
in
the
southern
and
eastern
seaboard
states.
The
top
five
egg
producing
states
in
1970
were
California,
Georgia,
North
Carolina,
Arkansas,
and
Pennsylvania.
The
per
capita
consumption
of
shell
and
processed
eggs
decreased
from
370
in
1955
to
about
317
in
1970.
Total
egg
production
increased
during
the
same
period.
Over
90%
of
U.S.
egg
production
is
disposed
of
as
shell
eggs.
Between
8—10%
of
the
eggs
are
broken
for
commercial
use as frozen eggs.
The
land
tributary
to
the
Great
Lakes
contains
signifi-
cant
numbers
of
egg
production
operations,
especially
in
Michigan,
even
though
the
Great
Lakes
region
is
not
one
of
the
major
national
egg
production
areas.
The
swine
industry
represents
about
10%
of
the
total
cash
farm
receipts
in
the
United
States
ranking
only
behind
beef
and
dairy
cattle
among
all
animal
commodities.
Swine
production
is
moving
toward
confined
feeding
although
less
than
10%
of
the
hogs
were
produced
in
total
confinement
in
1970.
Separate
farrowing
and
finishing
herds
are
common
in
swine
operations
having
1000
to
10,000
animals.
A
few
10,000
to
50,000
hog
capacity
operations
exist.
More
large,
spec-
ialized
operations
will
develop
incorporating
complete
feed-
ing,
waste
treatment,
and
disposal
in
a
single
operation.
About
80%
of
the
U.S.
hogs
are
produced
in
the
North
Central
states,
10%
in
the
South
Central
states,
8%
in
the
South
Atlantic
states,
and
the
rest
throughout
the
country.
Six
North
Central
states
produce
about
60%
of
the
total
U.S.
hog
production.
Swine
production
contains
two
basic
opera-
tions—-the
feeder-pig
and
growing—finishing
operation.
These
can be
under
separate
or
integrated
ownership
and
11
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Th
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e
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te
s
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be
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to
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po
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e
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ag
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te
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ov
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ed
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e
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at
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s
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Ru
no
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fr
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d
fi
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d
ef
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l
wa
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e
di
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s
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ve
th
e
po
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ia
l
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ca
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water quality problems.
An
im
al
wa
st
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ma
y
co
nt
ri
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te
to
wa
te
r
po
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ut
io
n
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wa
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:
ex
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e
nu
tr
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nt
s
th
at
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cr
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se
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tr
op
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;
mi
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oo
rg
an
is
ms
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at
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y
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ir
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e
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e
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e
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r
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ea
ti
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pu
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wa
te
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nt
am
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at
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mp
li
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te
wa
te
r
tr
ea
tm
en
t;
an
d
de
pl
et
io
n
of
di
ss
ol
ve
d
ox
yg
en
,
ca
us
in
g
fi
sh
ki
ll
s.
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LIVESTOCK
TABLE 1
QUANTITIES
AND
CHARACTERISTICS
OF
MANURES
PRODUCED
BY
LIVESTOCK
(3)
TOTAL
MANURE
(wet
weight)
BOD
(pounds/animal/day)*
SS
NITROGEN
SODIUM
 
BULLS
COWS
(milk)
COWS
(beef)
STEERS
(beef)
HEIFERS
(milk)
HEIFERS
(beef)
CALVES
PIGS
(feeder)
SOWS
SHEEP
(ewes)
SHEEP
(lambs)
HORSES
& PONIES
HENS
(layers)
CHICKENS
(hatchery)
TURKEYS
(heavy)
HENS
(pullets)
TURKEYS
(broiler)
CHICKENS
(broiler)
TURKEYS
(hatchery)
9
0
5
0
2
5
10
1
4
12
0.09
0.31
0.36
0.38
0.41
0.
32
0.22
1.40
0.025
0.013
0.009
0.03
0.52
0.34
0.18
0.21
0.
11
1.90
0.013
0.011
0.008
0.02
0.08
0.06
0.062
0.05
0.03
0.26
0.004
0.0015
0.0033
0.0046
0.03
0.04
0.042
0.03
0.02
0.09
0.0028
0.0008
0.0002
0.00041
0.
01
0.006
0.008
0.0
02
0.0
01
0.
01
0.00025
0.00018
0.0
001
0.0004
*one pound = 0.454 kilograms
  
:1 . .. n<~
£m raw.-. ...
......
 
 Detailed information is not available on the number of
animal production operations that may have a water pollu-
tion problem. General estimates, however, have been made
by the U.S. Department of Agriculture using information
from several sources (4). In the leading hog producing
states, it was estimated that about 22 percent of the oper-
ations have problems controlling surface water runoff. In
the eighteen major fed beef producing states, 26 percent of
the fed beef operations were estimated to have a surface
water pollution potential. About 40 percent of the dairy
farms in the forty-eight contiguous states were estimated
to have need of new runoff control facilities.
Additional data is needed to better understand the
comparative role of livestock production operations and
their impact on the environment. Neither the quantity of
wastes produced, numbers of animals, or the size of the
operation are proportional to the amount of pollution that
may be generated.
The variability of waste discharges is a complicating
factor in assessing such an impact. Animal wastes or waste-
waters are not discharged on a regular basis as are indus—
trial or municipal wastes, feedlot runoff is a function of
rainfall frequency and intensity, and land disposal of
wastes is related to need for disposal and ability to travel
on the land. Intermittent discharges from such operations
are difficult to define and control.
Data describing potential and actual pollution that can
be caused by animal wastes is accumulating. For the nation
as a whole, farm animals produce about ten times as much
waste material as does the human population. However, the
amount of animal wastes that reach ground and surface waters
is not well documented. It is incorrect to use the amount
of waste defecated by an animal to indicate the actual pollu-
tion that may result. Only a small proportion of livestock
wastes find their way into surface and groundwaters. The
use of any data describing the total wastes from animals
serves only to indicate that the potential pollutional prob-
lem of animal wastes can be of considerable magnitude and
should be considered in overall population control activities.
The heterogeneous characteristics of animal wastes are
another difficulty in defining the environmental impact of
agricultural production. Methods of storing, handling, and
processing livestock wastes affect their characteristics.
Animal wastes are produced in a semi-solid form and can be
handled in dry, slurry, or liquid form. The form in which
the wastes are stored and handled will affect the type of
14
pollutional constituents and their ability to move to sur-
face and groundwaters.
Nitrogen can serve as an example of the type and chang-
es in characteristics that may exist. In manure, the nitro—
gen is chiefly in the form of urea, undigested protein, or
microbial cells. The urea readily undergoes hydrolysis to
ammonium carbonate and can form gaseous ammonia and carbon
dioxide. Drying speeds the ammonia loss. Such ammonia re-
lease can occur in open feedlots during warm weather. A
portion of the ammonia can be nitrified, especially when
wastes are aerated, resulting in soluble nitrites and ni-
trates which are easily transported by surface runoff or
soil percolate. Under anaerobic conditions, the nitrogen
endproduct will be ammonia which can be released during
agitation or oxidized in the soil. Thus depending on how
the wastes are handled and stored, the nitrogen content can
be in many forms and concentrations. Similar examples can
be presented for the carbon fraction of the wastes.
Agricultural, silvicultural, construction, and mining
activities can contribute several types of pollutants to
surface and groundwaters. A study identifying the nature
and extent of these non-point sources of pollutants identi-
fied sediment as the major pollutant from these activities
(5). The study indicated that the rates of emission of
nitrogen and phosphorus are greatest from lands managed for
int
ens
ive
pro
duc
tio
n o
f c
rop
s
and
liv
est
ock
.
No
dat
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n
rate
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in the agricultural component of the study report.
2.5.2 Feedlot Runoff
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depend upon previous weather conditions, the number of live—
stock per feedlot area, the method of feedlot operation,
soil Characteristics, topography of the area, and intensity
of rainfall. Information on the characteristics of feedlot
runoff is not plentiful due to the variable nature of rain-
fall-runoff relationships and the logistics of being at the
proper sampling location when runoff occurs. In the past
few years, studies that have included natural and simulated
rainfall events have provided data on the quantity and quali—
ty of feedlot runoff under a variety of environmental con-
ditions.
The important environmental factors affecting the quan—
tity and quality of feedlot runoff include rainfall inten—
sity, weather conditions, and feedlot surface. In one of
the first detailed studies characterizing feedlot runoff,
the greatest pollutant concentrations occurred during warm
weather, during periods of low rainfall intensity, and when
the manure had been made soluble by water soaking. Ammonia
nitrogen concentrations ranged from 16 to l40 mg/l, suspended
solids concentrations from 1500 to 12,000 mg/l and COD con—
centrations from 3000 to ll,000 mg/l in some of the early
runoff studies (6). The range of these values is similar to
the range obtained in other subsequent studies. Runoff with
these constituents can have a detrimental effect on surface
waters. Runoff collection ponds can reduce the sediment
load in such runoff and have produced an effluent with fairly
predictable pollutant concentrations. Liquid from such run-
off control ponds commonly is disposed of on adjacent crop
land.
The water pollution potentialof livestock feedlots is
related to the waste production per animal, the number of
animals in the confinement unit, days confined, frequency
of cleaning, climate, waste characteristics, and waste degra—
dation in the lots. The contribution of feedlot runoff to
surface water pollution will be a function of the temperature,
magnitude of rainfall, slope of the confinement area, surface
area of the feedlot, type of lot surface, and management
practices.
2.5.3 Ground Water
Agricultural practices have the capacity to produce
pollutants that can enter the groundwater and alter its
quality. The magnitude of agricultural contamination of
groundwater is difficult to ascertain because of a limited
understanding of the amount of pollutants that enter subsur—
l6
 
face waters under given animal production and waste dispos—
al practices, the changes in groundwater quality caused by
such pollutants, and the alterations in pollutant charac-
teristics that occur in the soil. In addition, there is a
scarcity of adequate groundwater monitoring programs for
these purposes.
Runoff from land and leaching through soil are the two
principal means whereby agricultural contaminantscan be
added to ground and surface water supplies. In contrast to
the mobility of nitrate nitrogen in soils, most phosphorus
reacts with the soil and little passes through the soil
profile into the groundwater. Whereas phosphorus removal
from wastewater point sources is receiving emphasis to re-
tard eutrophication, nitrogen may be a more important con—
cern when land disposal of wastes is considered. Phosphorus
movement occurs mainly with soil particle movement. Because
wind or water erosion is a selective process, preferentially
moving smaller, lower specific gravity particles, eroding
soil matter can be 2-3 times as rich in nitrogen and phos-
phorus as the soil from which they were eroded.
Of the rural water supply samples examined in Missouri,
50-75% contained sufficient nitrogen to be of concern in
livestock production (7). The main contaminating source
both in distribution and concentration was indicated to be
waste matter at sites of animal habitation. Soil containing
224 to 4480 kilograms of nitrate-nitrogen per hectare (200
to 4000 pounds/acre) was found below certain feedlots.
Standard surface soils contained about 56 to 168 kilograms
of nitrate—nitrogen perhcctare (50 to 150 pOunds/acre). The
increased nitrates remained after an area was abandoned
from animal use.
Comparative studies in Colorado (8) and Wisconsin (9)
have indicated that land use affected the nitrogen content
of soils. The highest soil nitrate nitrogen occurred under
feedlots. The nitrate nitrogen concentrations in the
groundwaters under the lands studied in Colorado ranged
from zero to more than 10 mg/l.
A study of nitrate nitrogen in soil under feedlots in
Kansas noted accumulations from almost zero to 5100 kg/ha
(O to 4540 lb/acre) in a 4 meter soil (l3 feet) profile
(10). The amount of accumulation was related directly to
the age of the feedlot with the older feedlots having more
nitrate nitrogen in the soil profile than did the younger
lots. In areas with higher rainfall, nitrate nitrogen
accumulated to greater depths than in areas with low rain—
fall. On soils of fairly constant composition, soil texture
l7
   
   
did
not
effect
nitrate-nitrogen
distribution
patterns
be-
neath
feedlots
markedly.
In
soil
with
varied
profiles
it
was
found
that
as
the
clay
content
increased,
moisture
and
nitrate
nitrogen
content
increased.
Soil
phosphorus
analysis
indicated
little
if
any
movement
of
phosphorus
except
on
soils
with
an
extremely
low
exchange
capacity.
Concentrations
of
up
to
78
mg/l
nitrate
nitrogen
were
found
in
the
groundwater
below
feedlots.
Other
studies
have
indicated
the
quality
of
the
groundwater
in
and
around
animal
feeding
operations.
The
groundwater
under
certain
cattle
feedlots
in
the
South
Platte
River
valley
of
Colorado,
was
observed
to
contain
ammonium
nitrogen
up
to
38
mg/l,
organic
carbon
up
to 300
mg/l,
and
to
have
had
an
offensive
odor
(11).
Although
much
larger
amounts
of
nitrate
per
unit
area
were
present
under
feedlots,
indications
were
that
irrigated
lands
con—
tributed
more
total
nitrate
to
the
groundwater
since
the
feedlots
occupied
a
small
fraction
of
this
agricultural
land
area.
In
Illinois,
waste
from
hog
and
mink
feeding
operations
contaminated
shallow
wells
causing
their
aban—
donment
for
human
and
animal
use
(12).
In
Kansas,
water
from
a
cattle
feedlot
polluted
stream
contaminated
the
well
water
of
a
dairy
operation.
Pollution
due
to
high
nitrates
caused
the
death
of
some
cattle
(13).
Water
from
shallow
wells
is
more
likely
to
contain
higher
nitrate
concentrations
than
water
from
deeper
wells.
In
particular,
shallow
wells
near
barnyards,
feed-
ing
lots,
and
manure
piles
may
contain
high
concentrations.
Occasionally,
deep
drilled
wells
contain
considerable
ni-
trate,
either
occurring
naturally,
or
entering
the
well
by
surface
leakage
through
poor
well
seals,
or
from
nitrogen-
rich
deposits
within
lower
soil
zones.
Animal
production
can
be
the
cause
of
localized
surface
and
groundwater
pollution
problems.
At
present,
ground-
water
pollution
from
animal
production
sources
is,
for
the
most
part,
below
levels
that
have
been demonstrated
to
cause
disease,
excessive
costs,
or
aesthetic
nuisance.
2.5.4 Land Disposal
The
land
has
been
the
ultimate
disposal
point
for
the
wastes
of
agricultural
operations.
Agricultural
wastes,
especially
animal
wastes,
have
value
in
maintaining
and
improving
the
soil
because
of
the
plant
nutrients
and
or-
ganic
substances
they
contain.
To
avoid
pollution
caused
18
 by
runoff,
the
wastes
should
be
incorporated
with
the
soil
soon after spreading.
Subsoil
injection
of
manure,
using
mechanical
equip-
ment,
has
shown
promise
to
minimize
runoff
problems
and
to
eliminate
the
odor
problems
that
can
occur
when
the
wastes
are
distributed
on
the
surface
of
the
land.
The
maximum
waste
application
that
can
be
disposed
of
on
the
land
will
depend
upon
the
type
of
soil,
possible
buildup
of
toxic
materials
in
the
soil,
and
potential
surface
runoff
and
ground water pollution.
Manure
applied
to
frozen
ground
can
produce
contamin-
ants
in
resultant
runoff.
Up
to
20%
of
the
nitrogen,
12%
of
the
phosphorus
and
14%
of
the
potassium
in
manure
applied
on
frozen
ground
in
the
winter
was
reported
lost
under
con—
ditions
favoring
maximum
early
spring
runoff
(14).
Animal
wastes
disposed
of
or
defecated
on
land
can
contribute
constituents
to
surface
streams
under
natural
runoff
conditions.
The
nitrogen
and
phosphorus
content
of
Nebraska
waters
was
determined
and
compared
to
a
variety
of
factors
(15).
There
was
little
correlation
between
the
N
and
P
concentrations
of
the
waters
and
the
agricultural
use
of
fertilizers.
Nutrient
levels
in
the
water
were
better
correlated
to
human
and
livestock
densities
and
intensity
of
irrigation
than
to
agronomic
production
factors.
2.6 Great Lakes Basin
Concerns
over pollution
and
eutrophication
problems
in
the
Great
Lakes
has
led
the
United
States
and
Canada
to
mutually
identify
the
sources
of
these
problems.
Until
re-
cently,
agricultural
inputs
into
the
Great
Lakes
had not
been
of
serious
concern.
A
report by
the
International
Joint Commission in 1970 on pollution of Lake Erie, Lake
Ontario,
and
the
International
section
of
the
St.
Lawrence
River (16) identified wastes discharged by municipalities
and
industries
as
the principal
causes
of
the
pollution
of
these waters.
Only two paragraphs in the report addressed
the question of pollution from land drainage.
Those respon-
sible for livestock production were advised to take steps
to control animal waste disposal and soil erosion.
Agri-
cultural agencies were asked to develop measures to improve
practices of soil fertilization and soil conservation to
reduce the amount of phosphorus entering the Lakes from the
drainage basin.
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 TABLE 2
NITROGEN. PHOSPHORUS, AND BOD IN MANURES PRODUCED BY
LIVESTOCK IN THE GREAT LAKES BASIN (ton/year)+(3)
UNITED STATES CANADIAN
PORTION* PORTION**
LAKE ERIE WATERSHED
P 15,000 14,200
N 67,000 43,300
BOD ---~ 458,400
LAKE ONTARIO WATERSHED
P 9,000 ——--
N 45,000 -—--
GREAT LAKES BASIN
P -—-- 32,300
N —--- 102,100
BOD -—-- 1,036,700
* produced by cattle, chicken, and hog population
**nutrients available as replacement for commercial
fertilizer, assumes some nitrogen lost during handling
and storage, and does not include nutrients in animal
wastes deposited directly on pasture; BOD represents
the BOD in wastes as defecated.
one ton = 0.91 metric tons
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Section 3
LAND USE
3.1 General
The land use patterns for the area tributary to the
Great Lakes have been described in detail (17). The de-
tailed information will not be repeated because it is
available and because all of it is not pertinent to this
report. However, general information, based on the above
and other reports describing the land use in the Great Lakes
Basin will be presented as it relates to the production of
animals on these lands.
Although there are many major cities within the Great
Lakes Basin, the land use is predominantly cropland and
woodland (Table 3). Rural land is 84% and urban land about
8.5% of the total area (3). Intensive animal production
will occur on only a small fraction of the rural land area.
The major descriptions of land use in Table 3 are inadequate
to identify the land used for livestock production.
Animal production on typical farms in the Basin gener‘
ally occurs as a part of a combined crop—livestock produc-
tion system. Wastes are distributed on adjacent cropland
for disposal. It may be possible to use the values for
pasture land as an upper limit estimate of the relative
water pollution potential of animal production in the Basin
as compared to other agricultural land use. Using such a
percentage as an estimate, runoff from pastures is only
about 5—14% of that from other agricultural lands in the
Basin. The water pollution potential from animal production
areas in theEBasin may differ from these percentages because
runoff from these areas generally has a higher concentration
of contaminants than does runoff from crop and woodland and
because the land described as pasture may not be an adequate
estimate of the land used for livestock production.
3.2 Livestock Producing Farms
All types of livestock are produced in the Basin.
Dairying is the major livestock operation in the Basin, with
the distribution of livestock operations in the Basin being:
dairy farms-30%, other livestock farms-8.6%, and poultry
farms-2.1% of the farms in the Basin (17).
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TABLE 3
DISTRIBUTION OF MAJOR LAND USE
IN THE GREAT LAKES BASIN
 
PERCENT OF
TOTAL LAND GENERAL PERCENT OF
LAND USE IN FARMS LAND USE RURAL LAND
CROPLAND - HARVESTED 53% CROPLAND 40%
WOODLAND NOT PASTURED 10.6% PASTURE 5%
CROPLAND - IDLE 8.9% FOREST 48%
CROPLAND - PASTURED 7.5% OTHER 7%
OTHER LAND 7.5%
OTHER PASTURE 6.4% DATE 1967
WOODLAND PASTURE 6.1%
DATE 1964 REFERENCE 3
REFERENCE 17
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The total number of farms producing livestock in the
counties with land tributary to the Great Lakes are shown
in Table 4. These farms are those at least ten acres in
size and with sales of at least $2500 in the year previous
to the census. There were a number of smaller farms in
each of the counties but it was felt that the farms noted
in Table 4 were the significant animal producers in the
Basin.
The number of animals per farm in each of the states
adjacent to the Great Lakes were not very consistent (Table
5) among the respective animal categories. Such data re—
presents the average in each state. However, in the absence
of more specific data, it is reasonable to assume that the
values in Table 5 are roughly representative of farms in the
Basin.
The Great Lakes states are not the major beef producing
states in the United States. There are a number of cattle
feedlots in these states, with some lots having a capacity
greater than 1000 head (Table 6). The number of beef cattle
feedlots in the Great Lakes Basin is unknown due to lack of
more specific data. Based on the distribution of land in
the Basin as a percentage of the total land area in each
state, it is assumed that the major beef cattle feedlots in
the Basin exist in Michigan.
The majority of the beef cattle feeding operations in
these states are less than 1000 head and undoubtedly can be
classified as a farmer-feeder operation. Such operations
generally are a combined livestock-feed production operation
in which the manure is disposed of on cropland. They also
are not likely to be enclosed and runoff with feedlot charac-
teristics is possible. On the other hand, the small feeding
operations are not as likely to have the animals as concen-
trated which in turn can reduce the pollutional characteris-
tics of the runoff.
3.3 Livestock Distribution
Although various types of livestock are produced through—
out the Great Lakes Basin, the major livestock production
Occurs where satisfactory cropland is available for forage
and where the production facilities have access to major
markets (Table 7). In addition to dairy and beef cattle,
hogs and pigs, poultry and sheep and lambs, some turkey as
well as duck and geese production occurs in the Basin. The
counties in which large scale turkey and duck production
24
  
 
 
TABLE 4
TOTAL NUMBER OF FARMS PRODUCING LIVESTOCK IN THE
COUNTIES WITH LAND TRIBUTARY TO THE GREAT LAKES*
 
NUMBER OF FARMS
 
(18)
STATE CATTLE AND CALVES HOGS AND PIGS POULTRY
MINNESOTA 1,790 510 322
WISCONSIN 21,150 6,345 4,810
ILLINOIS 2,280 1,020 770
INDIANA 6,165 4,290 1,640
MICHIGAN 24,910 7,860 5,270
OHIO 10,655 7,175 3,255
PENNSYLVANIA 685 73 100
NEW YORK 14,990 1,485 2,020
*compiled from data in the 1969 Census of Agriculture
TABLE 5
AVERAGE ANIMALS PER FARM IN GREAT LAKE BASIN STATES*
ANIMALS PER FARM
CATTLE AND HOGS AND SHEEP AND
STATE CALVES PIGS POULTRY LAMBS
MINNESOTA 56 93 650 58
WISCONSIN 56 72 340 39
ILLINOIS 56 157 530 32
INDIANA 44 144 1,730 32
MICHIGAN 53 84 1,350 90
OHIO 47 102 1,120 56
PENNSYLVANIA 49 48 1,790 44
NEW YORK 62 28 3,220 67
*computed from data in the 1969 Census of Agriculture (18)
  
  
TABLE 6
NUMBER AND CAPACITY OF CATTLE FEEDLOTS IN THE
GREAT LAKE BASIN STATES - 1971 (19)
NUMBER OF LOTS
HEAD OF FEEDLOT CAPACITY
LESS THAN 1,000- 2,000- 4,000'
 
STATE 1,000 1,999 3,999 7,999 8,000+
MINNESOTA 15,960 35 5 - -
WISCONSIN 7,293 7* — — —
ILLINOIS 17,943 44 8 5* -
INDIANA 12,476 19 5* - -
MICHIGAN 1,671 20 9 - -
OHIO 8,972 25 3* - -
PENNSYLVANIA 5,997 3* - - -
NEW YORK NOT AMONG THE 23 MAJOR FEEDING STATES
*lots from larger size groups are included to avoid
disclosing individual operations
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TABLE
8
INVENTORY
OF
MEAT
ANIMALS
IN
THE
GREAT
LAKES
BASIN
STATES
(20)(1,000
HEAD)
CATTLE
AND
CALVES**
HOGS
AND
PIGS***
SHEEP
AND
LAMBS**
STATE
NUMBER
CHANGE*
NUMBER
CHANGE*
NUMBER
CHANGE*
 
MINNESOTA
4,038
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ILLINOIS
3,330
INDIANA
2,025
3,650
+
437
-
1,475
-
124
-
7,000
275
-
4,950
235
-
MICHIGAN
1,576
751
221
-
OHIO
2,134
2,402
-
627
—
PENNSYLVANIA
1,745
—
583
+
144
NEW
YORK
1,764
—
89
-
98
+
-
+
+
+
-
+
o
-
+
+
-
+
2
9
*
indicates
change
in
inventory
over
similar
inventory
period
three
years
earlier;
+
=
increase,
-
=
decrease,
0
=
no
change
**
inventory
date
-
January
1,
1973
***inventory
date
—
December
1,
1972
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90 percent of all farm products sold. In the content of
this report, family farms are considered general animal pro-
duction operations and not intensive animal feedlots.
The average number of animals per farm in the Great
Lake states has been noted in Table 5. In the counties tri-
butary to the Great Lakes, about 63% of the farms have less
than 50 head of cattle and calves, about 60% of the farms
have less than 50 head of hogs and pigs, and about 90% of
the farms have less than 3200 poultry (17). Most livestock
enterprises in the Great Lake states are of the multi-crop-
livestock type.
The numbers of livestock in a few of the Great Lake
states provide more detailed insight on typical sizes of
operations. In Illinois, a major hog production state,
half of the producers raised fewer than 150 head annually.
Cattle feeding is important in Illinois, however over 98%
of the producers sold fewer than 500 head in 1969. Over 90%
of the dairy farms in Illinois had less than 50 head (21).
The density of livestock per acre also provides infor—
mation useful in estimating the water pollution from live-
stock operations. Generally, the family farm has more land
area per animal and since these are integrated crop-livestock
operations, the animal wastes are returned to the crop land.
In Illinois, the density of hogs produced annually ranged
from7.4 to 14.8head per hectare (3 to 6 head per acre) of
total farmland with greater densities on farms on which more
grain is fed than produced. The latter type of farm is more
typical of intensive animal operations. In the Great Lakes
states, dairying usually is associated with farmland because
relatively little forage is harvested for sale. In Michigan
in 1970, the cropland per dairy cow ranged from 1.85 hectares
(4.6 acres) per cow on smaller dairy farms to 1.2 to 1.4
hectares/cow (3.0 to 3.5 acres/cow) on farms with larger
herds, generally over 90 cows/farm (21). In Wisconsin
counties tributary to Lake Michigan the dairy cow density
ranged from 0.8 to 2.6 hectares (2.0 to 6.4 acres) /cow,
the hog and pig density from 0.4 to 1.6 hectares (1.0 to
4.0 acres)/head, and the poultry operations generally less
than 22,000 birds per hectare (9,000 birds/acre) for even
the large commercial operations (9).
Although most livestock production in the Great Lakes
Basin remains land based, some farmers have moved livestock
off pasture into more concentrated production operations.
This shift permits more mechanization and an increased eco-
nomic efficiency. Most beef cattle are fattened in a feed—
lot rather than on pasture. Many large hog enterprises use
30
some
form
of
confinement
although
most
production
still
takes
place
on
pasture
or
in
combination
drylot—pasture
facilities.
Many
dairy
operations
have
moved
to
drylots
using
harvested
feeds.
The
intensive
animal
feedlot
operations
may
not
be
closely
integrated
with
crop
production,
the
animals
may
be
in
enclosed
or
open
confinement
so
that
the
wastes
cannot
be
absorbed
by
the
immediate
environment,
and
runoff
similar
to
that
from
the
beef
cattle
feedlots
in
the
western
high
plains
area
can
occur.
The
water
pollution
potential
due
to
runoff
is
greater
from
intensive
animal
feedlots
than
from
family
farm
livestock
crop
operations.
Because
of
this
potential,
it
is
useful
to
identify
where
the
intensive
animal
feedlots
are in the Great Lakes Basin.
Operationally,
intensive
animal
feedlots
can be
defined
as
a facility
capable
of
holding
animals
on
land
not
used
for
the
growing
of
crops
or
vegetation.
The
concentration
of
animals
is high
enough
that
crops
cannot
grow.
In terms of animal numbers, the following limits were
used to define an intensive animal feedlot: dairy
farm — 100
or more head;
hogs or pigs - 200 or more capacity;
poultry —
10,000 or more birds, and beef cattle - 1000 head or more.
These numerical limits were based upon what was felt to be
the size of an operation that would operate at a respectable
profit and that would be a large, single enterprise operation.
Figures l-4 identify the intensive animal feedlots in
the Great Lakes Basin. No such feedlots exist in Plan Area
No. l which includes land draining to Lake Superior. Data
was based on information in the 1969 Census of Agriculture
(18).
Maps showing the distribution of intensive cattle, hog,
and poultry facilities in counties tributary to the Great
Lakes are presented in the Appendix, Figures A-l through
A—9. The intensive animal feedlots are in the same areas
where most of the livestock is produced. Based upon data
in Table 6, the intensive beef cattle feedlots in the Great
Lakes Basin are in Michigan and possibly Ohio. The locations
of the large cattle operations (Appendix) may be either dai—
ry or beef operations since the data is not separated as to
type of cattle. They are more likely to be dairy operations
because of the small numbers of large beef cattle operations
in the Basin.
In summary, large, intensive, livestock production oper—
ations are not common in the Great Lakes Basin. The majority
31
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Section 4
SURFACE
AND
GROUNDWATER
CONTAMINATION
4.1 General
The water
pollution concerns
associated with
animal
production
operations
are
due
to
the
surface
runoff
from
the confined animal area,
from the land used for manure
disposal,
and from land used to pasture animals.
The re-
lative contamination of the runoff and effect on surface
water quality is generally in the order the sources are
noted.
The characteristics of the runoff from the three
sources are identified in the following paragraphs.
4.2 Feedlot Runoff
In the early development of open confined animal op-
erations, feedlots were likely to be situated in locations
where the natural drainage helped remove the wastes. The
water pollution potential was given little if any consider—
ation. The intensification of the feedlot industry and
resultant runoff pollution problems have developed interest
in methods to minimize runoff and prevent the runoff that
does occur from reaching surface waters.
Most of the available information on feedlot runoff
characterizes runoff from large beef cattle feedlots. Al-
though these lots are not typical of all livestock feedlots,
the runoff from beef cattle feedlots provides an estimate
of the type ofrunoff that may be expected from other con—
fined animal operations. The quantity and quality of feed-
lot runoff will depend upon prior soil water content, the
number of animals per feedlot area, the method of feedlot
operation, soil characteristics, topography of the area,
and intensity of rainfall.
The degree of manure decomposition that takes place in
a feedlot is dependent upon temperature and moisture con—
ditions and in turn affects the characteristics of the run—
off. The greater the moisture content of the wastes, the
greater the degree of waste solubilization and the greater
the amount of soluble constituents in subsequent runoff.
Because of a decrease in bacterial action and waste decompo—
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sition
in the
winter,
there
will
be
a greater
accumulation
of wastes
in
an
open
feedlot
during
this period
than
dur-
ing
the
rest
of
the
year.
While
the
manure
is
decomposing
on
the
lot,
it
is
constantly
being
mixed
with
fresh
wastes
and
with
soil
if
the
feedlot
is
unsurfaced.
The
character-
istics
of
the
actual waste
in
a feedlot
will
be
a
function
of
these
physical
and
biochemical
changes.
The
highest concentrations
of
pollutants
in
feedlot
runoff
occur
in
the
initial
runoff
and
decrease
to
a
lower,
more
uniform
level
as
runoff
continues.
This
lower
level
results
from
the
gradual
dissolving
of
materials
in
the
surface
layer
of
manure
on
the
lots.
Feedlot
runoff
quali-
ty
is
not
sensitive
to
the quantity
of
manure
on
the
lot.
Once
the
feedlot
surface
is
covered,
the
depth
of
manure
is
not
an
important
parameter
of
water
quality.
The
impor—
tant
variables
that
do
affect
the
pollutional
constituents
in
feedlot
runoff
include
rainfall
intensity,
prior
water
content
of
the
manure
pack,
and
the
type
of
feedlot
surface.
Data
from
a number
of
studies
have
described
the mag-
nitude
and
variability
of
constituents
of
feedlot
runoff.
A
study
in
Texas
foundfeedlot
runoff
to
contain
from
500
to
3300
mg/l
of
BOD,
and
3400
to
13,400
mg/l
of
suspended
solids
(22).
Another
report
from
Texas
noted
that
cattle
feedlot
runoff
had
characteristics
of
1000-16,800 mg/l
BOD,
2900-48,000
mg/l
COD,
6-800
mg/l
organic
nitrogen,
2-770
mg/l
ammonia
nitrogen,
0—1270
mg/l
nitrate
nitrogen,
and
70—2400
mg/l
alkalinity
(23).
Feedlot
runoff
data
from
Colorado
indicated
BOD
concentrations
from
300
to
6000
mg/l,
volatile
solids
from
1000
to
7000
mg/l,
and
settleable
suspended
solids
from
0.1
to
30 ml/l
(24).
.Data
on
runoff
from
feed—
lots
in
Kansas
have
comparable
values:
BOD
-
loo—11,000
mg/l,
COD
-
4,000—40,000
mg/l,
total
solids
-
10,000-25,000
mg/l
and
Kjeldahl
nitrogen
from
200-450
mg/l
(25,
26).
These
concentrations
represent
the
quality
of
runoff
as
it
leaves
the
feedlot.
The
significance
of
this
problem
is
the
high-
ly
variable
nature
of
the
runoff
and
its
slug
effect
on
a
stream.
In
a
stream,
the
concentrations
in
the
feedlot
runoff
will
be
diluted
by
the
flow
from
other
portions
of
the contributing watershed.
Although
climatic
conditions
and
size
of
beef
feedlots
are
different
in
Canada,
studies
on
the
quality
of
feedlot
runoff
in
Ontario
have
produced
data
similar
to
that
noted
in
the
United
States.
Runoff
from
the
Canadian
feedlots
contained
from
800
to
7500
mg/l
BOD
,
265
to
3400
mg/l
total
Kjeldahl
nitrogen,
and
93
to
2180
mg/l
phosphorus
as
P
05
The
events
causing
the
runoff
were
0.76
to
2.54
cm
(O.§
to
1
inch)
rains
with
the
higher
concentrations
occurring
shortly
after
the
larger
rains
(27).
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In the semi—arid regions of the southwest, cattle
wastes are dehydrated in a short time and remain that way
until wetted by precipitation. The wetting may reconsti-
tute the wastes to almost original composition. In more
humid climates, the wastes may remain moist for longer
periods of time before natural drying occurs. The longer
the wastes remain moist, the greater the opportunity for
bacterial action and solubilization of the solid matter.
From spring through fall, the greatest pollutant concentra—
tions are obtained during warm weather, during periods of
low rainfall intensity, and when the manure had been made
soluble by water soaking. Runoff from winter thawing condi-
tions has contained higher waste concentrations than that
contained in the runoff caused by rainfall under warmer
conditions (28). Runoff from high density lots (9.3 mZ/head)
(lOO ft2/head) contained l30-l70% greater runoff quantities
and 4-5 times more total solids than did runoff from lower
(18.6 m2/head) (200 ftZ/head) density lots.
Pollution from an uncovered livestock area, such as
feedlot, is related to the fraction of precipitation that
becomes runoff and reaches surface streams. Only after a
portion of the rainfall soaks into the manure does runoff
occur. This fraction will depend upon previous weather
conditions.
Available information on rainfall-runoff relationships
observed at small surfaced and unsurfaced feedlots indicated
(29) that on surfaced feedlots,
Runoff = -0.34 + 0.945 Rainfall
Similar coefficients were observed with relationships from
unsurfaced feedlots.
Oth
er
dat
a i
ndi
cat
ed
the
fol
low
ing
ave
rag
e r
ela
tio
nsh
ip
for runoff at cattle feedlots (28) to be:
Runoff = -O.l35 + 0.53 Rainfall
Dat
a f
rom
oth
er
stud
ies
ind
ica
ted
that
fro
m 0
.56
to
1.3
cm
(0
.2
2
to
0.5
in
ch
es
)
of
pr
ec
ip
it
at
io
n
wa
s
ne
ed
ed
be
fo
re
ru
n—
off
occ
urr
ed
and
tha
t f
rom
0.4
5 t
o 0
.68
of
the
pre
cip
ita
tio
n
became runoff.
Th
es
e
ra
in
fa
ll
-r
un
of
f
re
la
ti
on
sh
ip
s
al
so
in
di
ca
te
d
th
at
af
te
r
a
mi
ni
mu
m
am
ou
nt
of
ra
in
fa
ll
,
mo
st
of
th
e
ra
in
fa
ll
en
d—
ed
up
ru
nn
in
g
of
f
th
e
fe
ed
lo
t.
A
dr
y,
ha
rd
la
ye
r
oc
cu
rs
se
ve
ra
l
in
ch
es
be
lo
w
th
e
ma
nu
re
su
rf
ac
e
th
at
wi
ll
re
si
st
wa
—
te
r
pe
ne
tr
at
io
n
un
le
ss
di
st
ur
be
d.
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The
above
data
suggest
that
infiltration
to
groundwa—
ters
can
be
neglected
in
determining
the
total
runoff
from
operating
feedlots.
This
point
has
been
verified
in
stu-
dies
in
Nebraska
(30).
When
feedlots
are
abandoned,
the
accumulated
wastes
may
remain,
the
hard
crust
break
up,
and
greater
downward
motion
of
pollutants
may
occur.
Based
upon
detailed
studies,
the
annual
average
BOD
discharged
per
hectare
of
feedlot
surface
was
estimated
to
be
2800
kg/ha
(2500
pounds/acre)
for
concrete
feedlots
and
1350
kg/ha
(1200
pounds/acre)
for
nonsurfaced
feedlots
(6).
On
this
basis
the
annual
average
pollutional
population
equivalent
per
hectare
of
feedlot
was
estimated
to
be
100
(40
per
acre)
for
flat,
surfaced
lots
and
50
(20
per
acre)
for
similar
non-surfaced
feedlots.
Data
from
South
Dakota
(31)
indicated
that
only
a
small
proportion
of
the
wastes
deposited
on
a
feedlot
is
removed
by
runoff:
TKN
-
0.1
to
6.6%,
BOD
—
0.5
to
3.5%,
COD
-
0.5
to
2.8%,
and
phosphate
-
0.8
to
12.5%.
An
estimate
of
con-
taminant
load
per
acre
of
feedlots
for
those
which
were
studied
are
noted
in
Table
9.
The
data
in
Table
9
are
in
general
agreement
with
the
information
noted
above.
Range
fattened
cattle
represent
a
smaller
runoff
pollu—
tion
problem
than
do
feedlot
cattle
since
they
are
more
widely
distributed
over
the
land.
As
the
density
of
animals
per
surface
area
decreases,
the
wastes
are
less
concentrated
and
nature
can
absorb
more
of
the
wastes.
The
beef
cattle
operations
in
the
Great
Lakes
states
are
smaller
and
gen—
erally
have
fewer
animals
per
acre
than
do
the
feedlots
in
the
major
beef
cattle
feeding
states.
The
quantity
of
waste
defecated
by
the
cattle
or
any
animal
in
a
confined
feedlot
should
not
be
used
to
indicate
the
pollution
that
will
reach
surface
streams
since
only
a
small
percentage,
less
than
about
5%
of
the
oxygen
demand-
ing
materials
in
the
waste
on
a
cattle
feedlot,
are
removed
by
runoff.
This
percentage
may
be
larger
where
feedlots
are
subject
to
poor
management
or
situated
on
slopes
adja—
cent to streams.
The
pollutional
effect
of
feedlot
runoff
occurs
on
an
intermittent
basis
since
it
is
related
to
precipitation
events.
As
a
result,
the
runoff
has
a
potentially
greater
adverse
effect
on
surface
waters
than
if
it
were
released
at a continuous lower rate.
Even
feedlot
runoff
retained
in
a
runoff
collection
pond
is
not
of
a
quality
that
should
be
released
to
surface
40
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waters except in extreme storm events. Discharge of large
quantities of runoff collected in retention ponds to a
18 hectare (45 acre) flood control reservoir killed essen—
tially all the game fish in the reservoir (32). The cause
of the kill was zero dissolved oxygen and high free ammonia
concentration.
While much of the data describing feedlot runoff char—
acteristics provides information on the characteristics of
individual samples or runoff events, few studies are com—
prehensive enough to describe the runoff in terms of per
unit values such as amount of pollutants per head of animal
or per area of feedlot. Some data of this nature has been
presented in Table 9. Other information from studies where
adequate data were available to estimate a potential area
yield rate, such as kilograms of pollutant per hectare of
feedlot per year (kg/ha/yr), are presented in Table 10.
Additional information on the constituents of beef cattle
feedlot runoff is shown in Table ll and a comparative sum-
mary of beef feedlot runoff characteristics is presented
in Table 12.
The scarcity of definitive data and the variability
of the available data indicates extreme caution in attempt—
ing to extrapolate the area yield rate values in Tables 9
and 10 to indicate the potential pollution from other cattle
feedlots or confined animal operations. Although it is
logical that the amount of pollutants should be related to
the land area occupied by the animals and to the number of
animals per land area, the characteristics of feedlot run-
off are more a function of precipitation, temperature, and
other environmental conditions.
4.3 Barnlot Runoff
Runoff from the large animal production operations
has caused considerable concern. Characteristics of such
runoff and potential control measures have been the subject
of many investigations. However there are larger numbers
of small livestock operations from which runoff can con-
taminate surface waters. Only a few studies have been
conducted to identify the runoff characteristics from such
operations.
At these small operations, the animals may be housed
for feeding, watering, and during cold weather. They may
have access to an adjacent confined unenclosed area for
exercise during the day. Cattle may be on pasture during
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V
I
T
A
k
BEEF
CATTLE
FEEDLOT
AREA
YIELD
RATES
(kg/ha/Yr)*(28)
CONDITION
-snowme1t runoff
—lOO ftZ/head-1969
—1970
—200 ft2/head-1969
-197o
-rainfall runoff
—lOO ftZ/head—1969
-1970
—200 ftZ/head-1969
—1970
SOLIDS
TABLE 10
SOLIDS
60,000 31,000
1,100
14,000
640
7,500
770
7,200
450
3,400
27,000 16,000
7,300
3,400
18,000 10,000
*1.0 kg/ha = 0.89 lb/acre
MAJOR IONS IN CATTLE FEEDLOT RUNOFF
(mg/l)
ION
Na
Ca
Mg
Zn
Cu
Fe
Mn
TABLE 11
MEAN
840
2520
790
490
110
7.6
765
27
43
(28)
TOTAL VOLATILE TOTAL
NITROGEN PHOSPHORUS
1,600
100
450
360
330
900
220
350
TOTAL
620
10
200
60
22
130
33
70
RANGE
40-2750
50-8250
75-3460
30-2350
1-415
0.6-28
24-4170
0.5-146
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TABLE 12
BEEF CATTLE FEEDLOT RUNOFF CHARACTERISTICS (mg/1)
Constituent
NH
'N
NO
-N
Location
COD
BOD
TKN
4
3
Total N
Total P
Ref.
  
Nebraska
-snowmelt
runoff
780
17
(6-2020) (0-280)
2
9
0
2
8
(5-920)
2,100
(
1
9
0
-
6
5
3
0
)
41,000
——-
———
(14,100-
77,000)*
3,100
———
——-
(1,300—
8,200)
360
28
(4-5200)
140
10
(2-1240)
(0-220)
920
(ll-8590)
—rainfall
\
runoff
4
4
Texas
-dirt
lots
23
—-
—-— 23
(0-103)
128
56
(9-280) (2—85)
9,500
(2,900-
1,460
(1,010-
—concrete
lots
Colorado
Kansas
*data
in
parentheses
28,000)
21,500
(8,400-
3
2
,
8
0
0
)
4,000-
40,000
2,200)
8,000
(3,300-
12,700)
300-6000
1,000—
11,000
indicate
550
(70-1070)
200-450
350
(
3
3
-
7
7
5
)
220
(0-880)
the
reported
range
of
data
23
2
4
2
9
 
the
warmer
weather.
Most
of
the
manure
may
be
removed
and
spread
on
cropland.
The
runoff
from
the
confined
open
lot
can
be
an
item
of
concern.
Data
from
a
small
unpaved
barnlot
in
Ohio
(33)
collec-
ted
over
a
17
month
period
indicated
that
runoff
usually
occurred
when
rainfall
exceeded
1.3
cm
(0.5
in.).
The
concentrations
of
BOD
and
COD
within
a
runoff
event
were
variable.
BOD
concentrations
ranged
from
9
to
566
mg/l
while
COD
concentrations
ranged
from
350
to
5650
mg/l
for
the
events
that
were
sampled.
On
a
rainfall
event
basis,
the
BOD
yield
ranged
from
0.06
to
63
kg
BOD/ha
(0.05
to
56 pounds/acre).
The
BOD
concentration
and
yield
was
larger
in
the
winter
and
smaller
in
the
summer.
4.4 Manure Storage
Where
manure
cannot
be
disposed
on
land
in all
seasons,
such
as
in
the
winter,
it
can be
stacked
and
stored
until
conditions
permit
land
disposal
and integration
with
crop
production.
During storage,
seepage from the stored manure
can occur and can be a source of pollution.
Table 13 indi-
cates the characteristics of seepage from stacked dairy
manure. Although the volume of seepage is small, the quan—
tity of contaminants is not insignificant.
The stored manure seepage can be controlled by reten-
tion ponds and distribution on cropland in a non-pollutional
manner. Even though manure seepage can occur in a large
number of locations throughout the country, and as such
approximates a non-point source, it can be considered as a
controllable source of pollution.
4.5 Land Used for Manure Disposal
The land is the most acceptable point of disposal for
animal wastes. At most livestock operations, the animal
manure is returned to adjacent cropland. At a few opera-
tions, the land may be used primarily for manure disposal
with crop production not being an important factor. In
either case runoff from these lands can contain contami-
nants from the manure. In addition, the possibility of
groundwater contamination needs to be considered.
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 4.5.1 Manure Application Rates
Although guidelines are available for the amount of
manure to be disposed of per unit of land, additional
criteria need to be developed to provide a better under-
standing of the limitations of a soil to accept wastes.
The maximum waste application rates will depend upon the
type of soil, potential groundwater problems, and avail-
able crop growth that can remove the added nutrients.
Conservatively, the amount of nutrients in wastes disposed
of on land should be no more than the amount that can be
removed by the crop, weeds, or forest grown on the land.
There are, however, mechanisms of nitrogen loss that de-
crease the potential of manure nitrogen to increase the
nitrate concentration of soil water.
The continued application of manure to land at rates
which supply nitrogen in excess of crop requirements may
result in a loss of nitrate nitrogen from the root zone
of the crop. This loss represents a potential groundwater
problem. Nitrogen in manure sources may notbe as easily
lost in soil percolate as that from fertilizer sources.
Manure nitrogen conversion to nitrate is dependent upon
biological factors which closely parallel those governing
plant growth. This can allow greater opportunity for
plant uptake before leaching occurs.
Nitrogen lost by denitrification in soils is not a
pol
lut
ion
pro
ble
m a
s t
he
pri
mar
y p
rod
uct
is
nit
rog
en
gas
(N
) w
hic
h i
s t
he
mai
n c
ons
tit
uen
t o
f t
he
atm
osp
her
e.
However, this nitrogen is no longer available for crop
gro
wth
,
and
los
s
by
den
itr
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is
not
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un—
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s
the
nit
rog
en
is
in
exc
ess
and
has
to
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al
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.
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possibly
contributing
to
increased
nitrogen
in
surface
wa—
ters.
Incorporation
of
the
manure
into
soil
soon
after
it
is
spread
will
reduce
the
ammonia
loss
due
tovolatiliza-
tion
but
can
increase
the
amount
of
nitrate
nitrogen
that
will
be
formed
and
moved
into
the
soil
profile
by
percola-
ting water.
The
application
of
poultry
manure
to
the
soil
in
light
but
frequent
applications
resulted
in
less
nitrate
accumula-
tion
in
the
soil
profile
then
did
less
frequent,
heavier
applications
(35).
Thus
to
minimize
increased
nitrate
concentrations
in
soil
water,
manure
should
be
applied
as
frequent
light
applications.
It
is
difficult
to
identify
a
particular
rate
of
manure
nitrogen
application
which
is
excessive.
Important
factors
in
determining
the
appropriate
rate
include
the
time
of
application,
the
crop
being
grown,
type
of
manure
applied,
soil
characteristics,
and
general
weather
conditions.
Data
is
becoming
available
that
permits
estimates
to
be
made
of
appropriate application rates.
Zero
to
3900
kilograms
of
manure
nitrogen
in
dairy
manure
slurry
were
applied
per
hectare
(0
to
3500
pounds/
acre)
to
a
crop
of
orchardgrass.
The
manure
was
added
below
the
soil
surface
(36).
An
application
rate
of
785
kg/ha
(700
lbs/acre)
manure
nitrogen
was
excessive.
Lesser
rates
were suggested.
Dairy
manure
application
rates
up
toabout
6725
kg
N/
ha,
(6000
lbs
N/acre)
did
not
adversely
affect
corn
yield
(37).
Nitrates,
chlorides,
and
other
salts
moved
through
the
soil
profile
at
all
application
levels.
The
concentra-
tion
of
nitrate
nitrogen
below
the
soil
surface
was
in
ex-
cess
of
10
mg/l,
however
crop
uptake
appeared
to
control
the
leaching
at
dairy
manure
application
rates
up
to
94
metric
tons/ha
(42
tons/acre).
Leaching
occurred
primarily
before
the
crop
was
established
and
after
it
was
removed.
There
appeared
to
be
no
economic
advantage
of
manure
applications
much
in
excess
of
45
metric
tons/ha
(20
tons/acre).
Investigations
in
Alberta
(38)
indicated
that
animal
manure
applied
to
Soil
at
a
rate
of
70
metric
tons/ha/yr
(3l
tons/acre/yr)
for
40
years
did
not
cause
an
undesirable
buildup
of
nitrogen,
phosphorus,
or
soluble
salts
in
the
soil.
Applications
of
settled
wastewater
from
a
swine
produc-
tion
facility
using
a
high
rate
flood
application
approach
was
not satisfactory
(39)
on
silt
loam.
Application
rates
48
 of
2.5
to
10
centimeters
(l
to
4
inches)
were
used.
Per-
colates
collected
up
to
75
centimeters
(30
inches)
below
the
surface
had
high
COD
(300-1010
mg/l),
ammonium
nitrogen
(120—288
mg/l),
and
total
phosphate
(105-330
mg/l)
concen-
trations.
It was
concluded that
either
a greater
degree
of
treatment
was
required
before
land
disposal
or
that
the
application rate must be reduced.
Large applications of cattle wastes have depressed the
yield
of
crops,
primarily
by
the
accumulation
of
soluble
salts
(40).
Increased accumulations of nitrate occurred at
beef cattle manure application rates exceeding 740 metric
tons/ha (330 tons/acre).
The nitrates did not leach appre-
ciably below a soil depth of one meter (3.28 feet). The
study was done in Kansas which has a different precipitation
pattern than that of the Great Lake states. Leaching in the
more humid Great Lake states may be expected to be greater
than that noted.
The application of dairy manure to land was studied in
California (41). Spreading the manure from ten dairy cows
on 0.4 ha (1.0 acre) resulted in excessive nitrate movement
to the groundwater. The manure from 7.5 dairy cows spread
on one hectare (3 cows/acre) was suggested as a rate that
would keep the nitrate nitrogen concentrations at less than
10 mg/l in soil water below the root zone. This rate was
estimated to contribute about 246 kg N/ha (220 pounds/acre)
to the soil.
The amount of manure nitrogen that can be applied to
soils in Ontario, Canada without causing excess nitrogen in
the soil water has been estimated at about 350 kg/ha (310
lbs/acre) (42).
English investigators stress that the application of
manure nitrogen must be correlated to the type ofcrop that
is being grown (43). With intensive grass production, the
nitrogen application rate was suggested as high as about_
560 kg/ha/yr (500 lbs/acre/yr) whereas if barley were being
grow
n,
the
nit
rog
en
app
lic
ati
on
rate
may
have
to
be
as
low
as
34
kg
N/h
a/y
r (
3O p
ound
s/a
cre
/yr)
bec
aus
e o
f t
he
lowe
r
uti
liz
ati
on
of
nit
rog
en
by
the
bar
ley
pla
nt.
Of
the
app
lic
abl
e
reg
ula
tio
ns
cov
eri
ng
the
lan
d
dis
pos
—
al
of
ani
mal
man
ure
s,
onl
y t
he
Mai
ne
Gui
del
ine
s
(44)
spe
-
cif
ica
lly
sta
te
man
ure
app
lic
ati
on
rat
es
whi
ch
are
bas
ed
on
the
nit
rog
en
con
ten
t o
f t
he
man
ure
.
Ann
ual
man
ure
nit
ro-
ge
n
ap
pl
ic
at
io
ns
ar
e
li
mi
te
d
to
67
3
kg
/h
a
(6
00
lb
s/
ac
re
)
whe
re
a c
rop
is
rem
ove
d
ann
ual
ly,
and
569
kg/
ha
(50
0
lbs
/.
acr
e)
whe
re
no
cro
p
is
rem
ove
d.
Man
y
Mai
ne
501
15
are
lim
ite
d
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to rates lower than these maximums because of less optimum
characteristics. The suggested land area necessary to dis-
pose of animal wastes in Ontario (45), South Carolina (46),
and New York (47) are based on nitrogen application rates.
The South Carolina guidelines assume a 50% nitrogen loss
between excretion by an animal and application of the wastes
to the land. The New York Guidelines suggest manure appli—
cation rates as a function type of crop, land slope, time
of application, and general soil drainage characteristics.
The Guidelines recognize that manure application rates
should be less on sloping land, poorly drained land, and
in the winter.
The nitrogen application rate is the key operational
parameter as far as determination of the adequate land dis-
posal areas is concerned. However it is not the nitrogen
application rates per se which are of concern. Rather it
is the interrelationship between the rate of nitrogen
applied, the rate of nitrate production in the soil, the
rate of nitrate utilization by a crop, the presence of
excess water for leaching, and the rates of ammonia vola-
tilization and denitrification that are fundamental to the
determination of permissable manure nitrogen application
rates.
Manure application limitations based on its phosphorus
content have been considered. However phosphorus is immo—
bilized in the surface layers of the soil and is not leached
from the soil in significant quantities. The ability of a
soil to fix phosphorus is not infinite. Phosphorus can
penetrate sandy soils and soils with high porosity and con-
tribute to the phosphorus in tile drainage. It is unlikely,
however, that phosphorus contamination would be a problem
under applicationrates which are selected to avoid nitrogen
contamination of groundwater.
4.5.2 Runoff
When manure is applied to a field, there is an opportun—
ity for the movement of manure and nutrients into receiving
bodies of water via runoff. The risk can be greater when
manure is spread on frozen soil.
When animal manures were spread on frozen soil, an
average of 10% of the nitrogen, 6% of the phosphorus, and
33% of the potassium was lost under conditions of an early
spring runoff (14).
When manure was spread in the summer
and incorporated into the soil, runoff losses of nutrients
50
 were
less
than
on
unmanured
ground.
The
manure
had
a
ben-
eficial
effect
on
reducing
runoff
by
increasing
water
in-
filtration.
Similar
results
have
been
reported
by
other
investigators (48).
The
application
of
manures
to
frozen ground
does
not
always
resultin
stream pollution.
When
202
metric
tons
of dairy manure were applied per hectare
(90 tons/acre)
immediately prior to a heavy snow, the nitrogen and phos-
phorus content of the ultimate runoff was less than that
in the runoff from a plot which received 100 metric tons/
ha (45 tons/acre) on top of a layer of snow just preceding
runoff (49). Manure application in the winter may not be
a significant cause of contamination via runoff if the soil
is not frozen, if the manure is incorporated into the soil
before precipitation of snow melt causes runoff, and if
the manure is not applied to extremely sloping land.
Control of the problem of manure disposal on frozen
ground does not necessarily lie in a complete restriction
of such disposal during the winter months. Rather, guide-
lines should be set up that identify the timing of such
disposal in relation to rain and snow occurrance, the
likelihood of runoff from the land, and the proportion
of the time the soil is frozen. Guidelines should be de-
veloped on the basis of the probability of runoff from
manured lands whether they are frozen or not. A winter
spreading regulation which allows for the spreading of
manure on frozen ground with the possibility of runoff ev-
ery 10 years, might be acceptable. Such a runoff probabil-
ity is consistent with those in the EPA effluent guidelines
for feedlots. These guidelines are described in detail in
Section 5.
Data indicating the contaminant load from land used
for manure disposal is sparse. Available information from
two detailed studies are noted in Table 14.
The
wat
er
pol
lut
ion
sig
nif
ica
nce
of
fee
dlo
t o
r b
arn
lot
runoff or runoff from lands receiving manure depends upon
whether the runoff actually enters surface waters. Most
of the available data represents information on the charac-
teristics of runoff leaving a plot of ground or a feedlot.
These characteristics do not necessarily represent what
finally gets into a stream. Fields isolated from drainage
way
s b
y v
ege
tat
ed
land
of
litt
le
slop
e m
ay
be
of
no p
rac
ti—
cal concern as a runoff pollution source.
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TABLE 14
CHARACTERISTICS OF RUNOFF FROM PASTURE LAND AND LAND USED FOR MANURE DISPOSAL
Constituent
NO _N Total
Total
BOD
COD TOC
3
N
P
Remarks
Ref.
  
North
Carolina +
(g/ha/day) 30 ——- 63 -- 7.6 2.8 -mixed grains and orchard, 50
swine waste spread
17
—- 124 1.8 10.4
0.6 -pasture, corn, orchard,
swine waste spread
26
320
72
8
10
1.8
—poultry waste spread on 5
acres three times a year
1850 4350 2250 14
435
-—
-22 tons of poultry waste
spread on 4 acres once
5
2
Wisconsin
(kg/ha/yr)
—manure not
spread
——-
--
--
—-
4.4 ** 1.3
-three year average—l967—69
51
(3.6-
(1.2-
dairy cattle manure spread
5.5)
1.5)
at the rate of 15 ton/acre
++
-manure
applied*
~winter
———
-—-
--
--
12.7
2.9
(3.0- (1.0—
27)
5.8)
-spring
—-
--
--
--
3.8
0.8
(3.0- (0.7-
5.2) 1.0)
*High values were due to a thaw and a 0.75" rain immediately after spreading manure
in winter; manure spread in the spring was incorporated into the soil after spreading.
**Values in parentheses indicate reported range of values.
+1.0 g/ha/day 8.9 x 10”4 lb/ac/day
++1.0 kg/ha/yr 0.89 1b/ac/yr
  
 Maine guidelines require that no manure be spread within
7.6 meters (25 ft) of the outer edge of the normal high water
mark of water courses. A distance of 30.5 meters (100 ft)
between spreading areas and wells, springs, or lakes also
is required (44). Iowa laws indicate that animal confinement
areas which are more than a certain distance from a water
course need not register or obtain permission for the opera—
tion of the facility (52). The distance depends upon the
type of animal. For dairy cattle it is 92 meters (300 feet)
per 100 animals, for beef cattle - 61 meters (200 feet) per
100 animals, for feeder pigs - 3 meters (lo feet) per 100
animals, and for broiler and layer chickens - 0.3 meters
(1 foot) per 100 birds. The implication of such requirements
is that these distances are adequate to avoid water pollution
from the animal operations.
Rationale for establishing such minimum distances is not
well documented. The concept, however, is sensible. A well
vegetated strip of land between the site of manure appli-
cation and the surface water will decrease the contaminants
in land runoff considerably. A close growing crop such as
grass will have a far greater filtering efficiency than a
cultivated crop such as corn. Greater widths should probably
be left unmanured if the field is cultivated to the edge of
the water course. The degree to which pollution control grass
strips are accepted by pollution control agencies is unknown.
4.6 Bacterial Contamination
Information on the effect manure application rates
have on pathogen survival also is sparse. In general,
application rates and conditions which favor runoff losses
of manure also present the risk of pathogens being carried
to surface waters.
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soil with dairy manure slurry resulted in a modified soil
environment which favored extended survival of Salmonella
enteritidis (55). The soil was a Scranton fine sand. The
study suggested that pathogen survival in lands treated
with manure is a problem which should be considered and
controlled when contemplating the design and operation of
a waste treatment process involving sprinkler irrigation
on porous soils.
A study of the effectiveness of soil to remove bacter-
ia in animal wastes indicated that coliform and entercoccus
bacteria were removed by adsorption during soil percolation
and by die-off because of the inability to compete against
the established soil microflora (56). Greater than 98 per—
cent removal occurred in 0.36 meters (14 inches) of soil.
Large increases in fecal bacteria occurred in tile
drain effluent from a sandy loam soil on which swine slurry
had been spread (57).
Soil permeability is the property
having the greatest influence on whether a soil will be a
pollution risk when used for waste disposal. A soil with
very high permeability is likely to allow the movement of
wastewater into the ground at a rate such that bacterial
removal may be inadequate. Worm holes and cracks in the
soil can act as conduits for the wastewater and may be the
cause of the bacterial and contaminant concentrations found
in tile drain effluent and lysimeter samples.
The disease potential inherent in the di5posal of ani-
mal wastes on land is unknown but is considered not to be
critical. No significant outbreaks of disease have been
traced to bacteria in manure and runoff from land used for
manure disposal. However, the possible presence of human
and animal pathogens in runoff and effluent from liVestock
waste treatment systems suggests that caution should be ex—
ercised in using such water for body contact sports or for
a water supply.
Practices to control the runoff will min-
imize discharge of the bacteria as well as organic and
inorganic
contaminants
from
these
operations.
4.7 Livestock Grazing
The potential water quality problem associated with
this livestock production process has drawn
little atten-
tion from water pollution control agencies or researchers.
Consequently,
a minimum of information is available to
determine the magnitude of the problem from this activity.
When on range and pasture systems,
the livestock are dis-
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persed over a large land area and natural waste degradation
will
occur.
The
water
pollution
potential
of
range
or
pas-
ture livestock production should be of much less concern
than that of confinement livestock production.
In addition,
crop,
forest, or brush land may exist between the pasture
and surface streams.
Such land will help reduce any con-
taminants in pasture land runoff to near "natural"
levels.
Where animals have direct access to streams, animal urine
and feces can be discharged directly to such waters.
Some information is available which permits an estimate
of the magnitude of the problem and the quality of runoff
from range and pasture land. Studies in North Carolina
noted (50) that a beef herd grazing on the banks of a stream
resulted in larger losses of total nitrogen, phosphorus and
organic carbon to a stream per animal than did manure spread
adjacent to another stream. Loads in the runoff from a va-
riety of pastures are listed in Table 15.
Data obtained in this study (50) illustrated the rela-
tive pollutional effects of pastured animals. The study
noted that: a) direct access of animal waste to surface
waters should be prohibited; b) points of animal concentra-
tion should be located away from streams; and c) vegetation
should be provided between areas of animal concentration
and drainage paths or surface waters to intercept any con-
taminant.
Runoff from range land that had low intensity agricul—
ture and no evidence of chemical fertilizer uses contained
056 kg NO —N,0_067kg total P, and 0.02 kg soluble P per
hectare pgr year (0.5, 0.06, and 0.19 pound/acre/yr re—
spectively). Seventy percent of the nitrate-nitrogen and
total phosphorus entered the lake under study during the
period from February to May (58). Precipitation contributed
over 70% of the nitrogen to this lake.
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TABLE 15
CHARACTERISTICS OF RUNOFF FROM PASTURE LAND (50)
LAND USAGE
250 HOG DRYLOT, ROW -
CROPS, WOOD,
GRASSLAND
PASTURE FOR 50-100
DAIRY COWS PLUS
CORN
PASTURE FOR 160 COWS
ON 15 ACRES
35 BEEF COWS ON 15
ACRES OF PASTURE
*
AVERAGE CONSTITUENT (g/ha/day)
NO _N TOTAL TOTAL
BOD COD TOC 3 N p
 
35 -- 97 1.7 7.7 3.5
44 750 150 4.0 38 25
3450 10,700 3750 47 400 130
46 720 150 -- 5.8 1.8
4
* _.
1.0 g/ha/day = 8.9 x 10 lb/ac/day
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watershed runoff.
The
water
quality
from
grazed
and
ungrazed
watersheds
has
been
compared
(60).
An
unknown
number
of
sheep
and
cattle
grazed
the
areas
under
study.
Runoff
from
the
grazed
areas
had
higher
total
coliform,
fecal
coliform,
and
fecal
streptococcus
organism
concentrations
than
did
runoff
below
the
non—grazed
areas.
Physical
and
chemical
parameters
were
measured
and
are
noted
with
the
bacterial
concentration
in
Table
l6.
Nitrogen
and
phosphate
concentrations
were
low.
Although
there
were
slight differences
between
the
grazing
areas,
the
values
were
not
significantly
different
from
values
before
or
after
grazing.
Thus livestock
grazing
had
no
apparent
effects
on
the
chemical
and
physical
values
measured
in
the
study.
The
increased
bacterial
concentra-
tions
measured
in
the
study
did
not
persist
after
the
runoff
mixed
with
a
larger
stream.
Flow
was
notmeasured
and
area
yield
rates
could
not
be
determined.
4.8 Current Research
Based upon a review of Notices of Research Projects
(N.R.P.'s)
available from the Smithsonian Science Information
Exchange,
there were 109 research projects that were active
in 1971-73 and that dealt with some aspect of potential pol-
lution of surface and groundwaters from livestock production
units. These projects were supported by the Office of Water
Resources Research, U.S. Department of Interior; Environmen-
tal Protection Agency; Cooperative State Research Service,
U.S. Department of Agriculture; Soil and Water Conservation
Research Division, Agricultural Research Service, USDA;
Agricultural Engineering Research Division, ARS-USDA; Sea
Grant Office, National Oceanic and Atmospheric Administra-
tion; various state governments; the Australian Government;
and the Rockefeller Foundation.
The research projects were of a nature to provide infor-
mation on:
- general nutrient balances to lakes including
from land used for livestock production
- land disposal of animal wastes with emphasis
on both the immediate and long term effects
and including information on organic, inorgan-
ic, and bacterial constituents of soil, soil
water, and surface runoff
57
    
   
TABLE 16
COMPARISON OF MEAN VALUES—RUNOFF FROM
GRAZED AND NON-GRAZED AREAS
station
Parameter
Nitrate
(mg/l as NO
Phosphate
(mg/l P04)
Turbidity (JTU)
Total Coliform
(counts/100 ml)
Fecal Coliform
(counts/100 ml)
Fecal Streptococci
(counts/100 ml)
Total Heterotrophic
bacteria (counts/100 ml)
pH
Number of Samples
Analyzed
3)
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grazed
2.6
240
88
325
3780
8.4
38
(60)
grazed
1.2
107
38
101
2780
8.3
35
C
ungrazed
0.15
0.16
0.23
18
27
3990
8.3
31
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feedlot
runoff
characteristics,
precipitation
relationships,
and
management
approaches
— runoff from pastures
The
majority
of
the
research
was
being
conducted
at
Universities
and
USDA
field
stations.
A
number
of
studies
were
being
done
at
fully
instrumented
watersheds
in
many
states.
The
investigators,
the
objectives
of
the
research,
and
the
available
facilities
appeared
quite
adequate
to
better
understand
the
magnitude
of
contaminants
from
live-
stock
operations
and
methods
to
manage
the
wastes
to
avoid
water
pollution.
Few
of
the
NRP's
provided
information
on
the
progress
of
the
research
and
thus
no
evaluation
of
the
project results could be obtained.
Only
one
NRP
indicated
that
the
information
would
be
used
to
characterize
the
runoff
losses
on
a per
unit
area
or per unit of runoff basis.
A few of the NRP's indicated
that the project results would be used to develop feasible
land waste application rates which would avoid surface or
groundwater pollution problems. Many of the projects ap-
peared to obtain sufficient information to determine unit
runoff yield rates as related to waste application rates
or waste management conditions, however, it was not clear
that the results would be interpretated in such a manner.
Information was generally collected in terms of run-
off, soil, and soil water characteristics from a specific
plot of ground or livestock operation. Many projects ap-
peared to look at a specific type of contaminant such as
bacteria, nitrogen, oxygen demanding material, or toxic
elements. Few of the projects appeared comprehensive
enough to obtain information on more than a limited number
of pollutant characteristics. This is unfortunate since
with a minimum of additional effort, comprehensive data
could be obtained which would permit a more complete under—
standing of the potential pollution problems and permit
presentation of the results in terms of runoff yield rates
and manure application rates.
The lack of comprehensiveness of many projects probably
resulted from inadequate funding and from the lack of an
interdisciplinary nature of most of the projects. The vast
majority of the projects appeared to be the result of indi-
viduals within a single discipline.
None of the projects appeared to evaluate the changes
in runoff characteristics that occur during transport across
land and in creeks and streams. As a result, while many of
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 the projects appeared to provide information on the runoff
emanating from livestock facilities and manure disposal
operations, none appeared to consider the fate of the pol—
lutants during subsequent transportor the actual impact
on surface waters.
4.9 Summary
 
Although the available information on the pollution
of surface and groundwaters from livestock operations is
not extensive and in many areas is sparse, there is ade-
quate information to compare the potential sources, to
identify the relative need for control, and to indicate
additional studies.
Runoff from intensive animal feedlots is the most
severe problem because of its large pollutional load since
the animals are more dispersed. However, wherever live-
stock are concentrated to the point that vegetation will
not grow, such as in barnlots, cattle loafing areas, and
around feeding areas, the runoff can contain significant
pollutants and also should be prohibited from entering
surface waters.
When animals are on pasture or grazing land, the run—
off may contain elevated bacterial concentrations but no
significant concentrations of other pollutants. Very lit-
tle information exists on the water pollution potential
from these land areas. Because such land areas are larger
than those for confinement or intensive livestock opera-
tions, a detailed quantitative study conducted in the Great
Lakes states could be useful to clearly identify the con—
tribution of such land areas to the pollution of the waters
in the Basin.
Seepage from stacked or stored manure is of low volume
but has high pollutant concentrations. Such seepage should
not be permitted to enter surface waters.
If livestock manure is improperly applied to land, wa-
ter pollution problems can occur. Good practice guidelines
such as reasonable application rates, distance from streams,
and timing of applications, are available and can minimize
pollution problems from manure disposal on the land. How-
ever, considerably more information is needed to relate
manure disposal management to water pollution potential.
Definitive data is not available to relate the quantity of
pollutants in runoff or soil water to manure disposal rate,
60
 timing,
or
types
of
crops.
Additional
studies
in
this
area
[
would
be
very
beneficial.
Such
studies
also
would
shed
;
light
on
the
appropriate
land
disposal
rates
of
any
organic
waste
and
thus
would
be
helpful
in
estimating
application
rates
for
sewage,
sewage
sludge,
and
organic
industrial
wastes.
Bacterial
contamination
from
livestock
operations
or
manure
disposal
does
not
appear
to
be
a
serious
problem.
Groundwater
pollution problems
also do
not
appear
to
be
serious.
However
very
little
information
is available
to
identify
actual
conditions
or
trends.
Although numerous studies designed to document the
pollution problems from livestock operations have and will
continue to be conducted, very few have been comprehensive
enough to clearly identify and quantify the pollution from
the average, less intensive, livestock production operations
of the type that exist in the Great Lake states. Two or
more detailed studies, conducted at sites in Michigan and
New York since largest number of animals are in these states,
would be useful to provide the necessary detailed knowledge.
These studies should be on watersheds that have different
types of livestock and manure management operations. Data
on physical, chemical, bacteriological, and hydrological
characteristics of the runoff should be collected. The
runoff data should be quantified in terms of pollutant load ll
per unit land area, and per unit of precipitation wherever
possible. Evaluation of pollutant changes during transport
across land and in streams should be an important part of
such studies. Individuals from a number of disciplines,
such as agronomists, soil scientists, aquatic biologists,
farm managers, and economists, should be involved. It will }H
be necessary to conduct the studies over at least three and :?
preferably more years to obtain the breadth of information k
that is necessary to identify the magnitude of the problem ﬂ
and better management approaches.
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Section 5
REGULATIONS
5.1 General
Both federal and state regulations can apply to the
control of water pollution resulting from agricultural op—
erations. Available legislation generally refers to pollu-
tion irrespective of its source although specific types of
pollution have been identified in such legislation.
It is accepted that surface and groundwaters receive
contaminants from many natural situations that are not con-
trollable by man, are not caused by man, and would exist in
the absence of man. Examples of such "natural" or "back—
ground" pollution have included runoff from rural and forest
lands, swamps, decaying vegetation such as leaves and crop
residue, and the wastes from wild animals. Such pollution
is difficult to control because of its diverse nature, lack
of controllable point sources, and inadequate knowledge con-
cerning feasible abatement techniques. It has been assumed
that this type of pollution is of small significance com-
pared to other sources of pollution.
Recent developments in agricultural production techniques
have altered the traditional concept of considering pollution
from agricultural production as "background" or uncontroll—
able pollution. As a result, greater attention is being
focused on this source and available legal restraints are
being applied increasingly to agricultural operations.
Most available regulations are of little value in the
control of the downward movement of contaminants through the
soil and into the groundwater. Proof of the source of the
contaminant and of causative negligence is difficult to es—
tablish for most of the materials commonly involved in
agricultural operations. To date there has been little
agreement on the details of the control that may be suitable
to avoid groundwater contamination.
5.2 Federal
Federal pollution control legislation has been developed
since the turn of the century but with increasing rapidity
since 1948. The basic policy and philosophy of water pollu-
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tion
control
in
the
United
States
can
be
found
in
the
Water
Pollution
Control
Act
of
1948
and
subsequent
legislation.
The
basic
policy
of
federal
water
pollution
control
legisla—
tion
is
that:
a)
Congress
has
the
authority
to
exercise
con-
trol
of
pollution
in
the
waterways
of
the
nation,
b)
both
health
and
welfare
benefit
by
the
prevention
and
control
of
water
pollution,
C)
a
national
policy
for
the
prevention,
control,
and
abatement
of
water
pollution
shall
be
establish—
ed and implemented.
The
Water
Quality
Act
of
1965
caused
the
federal
govern-
ment
to
assume
a
larger
role
in
the
control
of
water
pollu-
tion.
The
1965
Act
included
the
provision
for
establishing
water
quality
standards.
Each
state
was
to
develop
water
quality
criteria
and
a
plan
for
implementation
and
enforce-
ment.
The
water
quality
criteria
adopted
by
a state
were
to
be
the
water
quality
standards
applicable
to
the
interstate
waters
or
portions
thereof
within
that
state.
A change in the water pollution control philosophy of
the nation occurred with the establishment of these standards.
The emphasis is now on the amount of wastes that can be kept
out of the water rather than on the amount of wastes that
can be accepted by the waters without causing serious pollu—
tion problems. This philosophy will guide acceptable waste
treatment and disposal methods as well as legal actions in
the future.
An unmistakable implication of federal and state water
pollution control regulations is that facilities producing
agricultural wastes will have to consider the impact of ex-
isting legal restraints in all expansion plans and in the.
establishment of new facilities. The facilities should be
located where treatment and disposal can be obtained at
minimum cost and without resulting in water pollution.
To integrate pollution control activities at the fed-
eral level, the Environmental Protection Agency was estab-
lished in 1970. EPA contains the federal activities dealing
with solid waste management, air and water pollution control,
and water hygiene among others and has the responSibility to
coordinate such environmental quality actiVities to minimize
pollution transferral.
The
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sources were to be achieved by the application of best
practicable control technology by 1977 and of best avail-
able technology by 1983. The burden will be on industry
to show that their treatment facilities represent the max—
imum use of technology within its economic capability. A
number of agricultural operations such as dairy product
processing, fruit, vegetable, and seafood processing, feed-
lots, and fertilizer manufacturing are included among the
point sources that will be subject to effluent limitations.
With the passage of the 1972 Amendments, national
pollution control emphasis shifted from water quality stan-
dards to effluent limitations. This approach was taken
because of difficulties in linking waste discharge quality
with stream quality and in enforcing previous legislation.
The basic assumption, constrained only by the availability
of economical control technology, is that the nation will
strive toward complete elimination of water pollution.
The 1972 Amendments did not fully extend its provisions
for surface water quality control to groundwater but they
do contain evidence of a greater concern for groundwater
quality. The Amendments provide for the development of
comprehensive programs for preventing, reducing, or elimin—
ating the pollution of navigable waters and groundwaters
and improving the sanitary condition of surface and under-
ground waters (Section 102a).
Agriculturally caused pollution problems officially
were recognized for the first time in the 1972 Amendments.
Certain agricultural waste point sources were subject to
effluent limitations, specific appropriation authorization
for agricultural waste research and demonstration projects
was included, and area and statewide wastewater treatment
management plans were to include a process to identify
agriculturally related non-point sources of pollution and
to set forth procedures to control such sources. The EPA
Administrator was authorized to issue guidelines for iden-
tification and control of pollution from a variety of non—
point sources, including those from field, crop, and forest
land.
The concept of recycling potential municipal sewage
through production of agriculture, silviculture or aquacul-
ture was encouraged. This latter concept will require close
management of such recycle to minimize subsequent water
pollution and health problems. The concept will increase
the overlap between agricultural and urban activities and
their relation to pollution problems. Transferral of pol-
lution from one location (urban) to another (rural) will
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not
be
successful
or
tolerated.
The
National
Pollution
Discharge
Elimination
System
(NPDES)
was
a
part
of
the
1972
Amendments.
Under
this
leg—
islation
EPA
is
to
establish
a
permit
system
for
discharges
of
pollutants
from
point
sources
into
navigable
waters
of
the
United
States.
The
effect
of
this
legislation
poten-
tially
is
to
require
a
permit
for
every
significant
point
source
of
pollution
in
the
country
including
those
from
animal
feedlots
and
other
animal
production
operations.
However
EPA
regulations
issued
in
July
1973
excluded
smaller
farms
from
NPDES
coverage
unless
they
are
considered
as
a
significant
contributor
to
water
pollution.
On
July
5,
1973,
EPA
published
rules
and
regulations
aimed
at
acquiring
information
on
point
sources
of
pollu-
tion
resulting
from
agricultural
and
silvicultural
activities
(61).
These
regulations
identified
the
size
of
operations
that
are
required
to
provide
the
information
and
the
type
of
information
required.
In addition,
the
regulations
de—
fined the term "animal confinement facility".
This defini—
tion helps define the difference between intensive animal
feedlots and more broad based animal production.
The term "animal confinement facility" was defined as:
"A lot or facility used or capable of being
used for the feeding or holding of animals (other
than fish or other aquatic animals), but does not
include land used for the growing of crops or ve-
getation for animal feed. Two or more animal con—
finement facilities under common ownership are
deemed to be a single animal confinement facility
if they are adjacent to each other or if they
utilize a common area or system for the disposal
of wastes."
The animal production facilities which were required to
obtain a permit from state or interstate programs under NPDES
were the following:
Animal confinement facilities if they contain or at any
time during the previous 12 months contained, for a total of
30 days or more, any of the following types of animals at or
in excess of the number listed for each type of animal:
(1)
1,
00
0
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d
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er
ca
tt
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;
(i
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er
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s
or dry cows);
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(iii) 2,500 swine weighing over 55 pounds;
(iv) 10,000 sheep;
(V) 55,000 turkeys;
(vi) If the animal confinement facility has
continuous overflow watering, 100,000
laying hens and broilers;
(vii) 5,000 ducks.
Facilities which produced more than one type of animal
also were required to obtain a permit if they contain, or
at any time during the previous 12 months contained, for a
total of 30 days ormore, a combination of animals such that
the sum of the following numbers is 1,000 or greater: the
number of slaughter and feeder cattle multiplied by 1.0,
plus the number of mature dairy cattle multiplied by 1.4,
plus the number of swine weighing over 55 pounds multiplied
by 0.4, plus thenumber of sheep multiplied by 0.1. In
addition, any agricultural or silvicultural activity which
has been identified by the Regional Administrator or the
Director of the State water pollution control agency or in-
terstate agency as a significant contributor of pollution,
also must apply for a permit. The intent of this statement
was to assure that animal production facilities which con—
tained less than the above number of animals but which have
or are shown to contribute to water pollution also would be
identified, be required to submit data, be required to obtain
a permit, and thus be under scrutiny and control.
A numerical cutoff level is necessary in any setof
regulations. Levels thatare set will tend to represent
best judgement based upon experience and the desire to
effectively administer the regulations. As more experience
is gained with the cutoff levels and administration of the
regulations, it is possible that the cutoff levels will be
lowered to bring more feedlots under scrutiny. However,
some cutoff level based upon size of feedlot is desirable.
To have no numerical cutoff would overwhelm the agencies
with applications and make the regulations ineffective.
The cutoff levels in the July 5 regulations were set
at levels that were felt adequate to control the largest
discharges first and in doing so, cover the worst potential
sources of pollution. The levels also excluded the smaller
operations on the theory that the expenditure of resources
necessary by EPA to include them would be disproportionate
to the potential environmental improvement. In addition,
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EPA
and
the
states
have
inadequate
personnel
to
process
the
applications
that
could
occur
if
every
livestock
producer
were
required
to
obtain
a
permit.
Although
estimates
vary,
there
are
an
extremely
large
number
of
livestock
operations
in
the
nation.
In
the
Great
Lakes
Basin,
there
are
about
130,000
livestock
operations
with
sales
of
at
least
$2500
per
year.
If
all
of
these
were
required
to
obtain
a
permit,
it
will
be
an
enormous
task
simply
to
process
these
applications
let
alone
attempt
to
enforce
the
guidelines
on
specific
farms.
To
implement
a
regulatory
program
that would
require
surveillance
of
all
the
"feedlots"
in
the Great
Lakes
Basin
as well
as
the
na-
tion
would
be
an
awesome
and perhaps
impossible
task.
For the nation as a whole,
the cost of writing permits
for every feedlot was estimated to be in excess of $1 billion
(62).
In view of the expense of time needed to evaluate and
process the applications, it is likely that the states and
EPA will continue to utilize the basic concepts in the July
5 regulations to minimize pollution from feedlots.
Irrespective of a cutoff level that may exclude certain
size feedlots from obtaining permits, it is difficult to see
how any cutoff level will exempt feedlots which present a
pollution problem from being regulated. The larger feedlots
will be identified by any cutoff levels and smaller ones
which have or do cause a pollution problem which will be
identified by the regional or state agencies. The public
is pollution control conscious. Hunters and fishermen are
conservation and environmentally oriented as are vacationers
and others who use rural land for recreation. These individ-
uals frequently bring environmental problems to the attention
of state and local agencies. Even where federal and state
agencies lack the personnel to seek potential polluters, the
above individuals are likely to identify and report environ-
mental problems.
These rules and regulations were aimed at point sources
of pollution due to agricultural and silvicultural activity.
The rules and regulations excluded discharges such as irriga-
tion return flow and runoff from orchards, cultivated crops,
pas
tur
es,
ran
gel
and
s,
and
fore
st
land
s,
the
reb
y i
ndi
cat
ing
that such discharges are to be considered as non-p01nt sources
of potential pollution.
The application for a permit to discharge point sources
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directions to the facility, map or photograph identifying
overall dimensions of facility, surface drainage, waterways,
areas of manure disposal, type and size of animals, and
expansion possibilities.
Both the U.S. Department of Agriculture (4) and the
Bureau of Sport Fisheries and Wildlife of the Department
of Interior (63) have indicated that the EPA regulations
of July 5, 1973 appear realistic.
On September 7, 1973, EPA published proposed effluent
guidelines for existing sources and standards of perfor-
mance and pretreatment standards for new sources for feed-
lots (64). The term "feedlot" was defined as a
"concentrated, confined animal or poultry
growing operationfor meat, milk or egg produc-
tion, or stabling, in pens or houses wherein
the animals or poultry are fed at the place of
confinement and crop production is not sustained
in the area of confinement."
Such a definition is a reasonable definition of an intensive
animal feedlot as used in this report.
The proposed effluent guidelines were applicable to beef
cattle, dairy cattle, swine, sheep, horses, broiler chickens,
laying chickens, turkeys, and ducks. For all animal cate-
gories except ducks, the effluent guidelines representing the
application of best practicable control technology currently
available was proposed as
"no discharge of process wastewater pollu-
tants to navigable waters, except for runoff
which is not contained by facilities, designed,
constructed, and operated to contain all process
wastewater in addition to the runoff from the
10 year, 24 hour rainfall event as established
by the U.S. Weather Bureau for the region in
which the point source discharger is located."
The guidelines representing best available technology
economically available was essentially that as noted for best
practical control technology except that runoff control facil—
ities were required to be designed, constructed, and operated
to contain all process wastewater in addition to the 25 year,
24 hour rainfall event as established by the U.S. Weather
Bureau for the region in which the point source discharger
is located.
68
 Standards
of
performance
for
new
sources
were
proposed
to
be
the
same
as for
that
for
best
available
technology
economically available.
 
These effluent guidelines establish the "no discharge"
concept as the best available technology for these feedlot
categories.
The guidelines were established based on the
assumption that the land would be the ultimate receptor of
these animal wastes and that land runoff was a non-point
rather than a point source problem.
The duck category had somewhat different proposed
effluent guidelines. Point source discharges were permitted
under the use of best practicable control technology current-
ly available. The effluent limitation representing the de-
gree of effluent reduction obtainable by the application of
such technology was indicated as:
i
i.
=1.
l
‘i
Ii;
BOD - Maximum for any one day: 1.66 kg
(3.66 lb ) per 1,000 ducks and maximum average
of daily values for any period of 30 consecutive
days: 0.91 kg (2.00 lb) per 1,000 ducks.
Fecal coliform - Maximum at any time: 400
counts per 100 ml.
The guidelines representing best available technology
and standards of performance for new sources were proposed
to be the same as that established for the other animal
sources, i.e., no point source discharge except for runoff
not contained by facilities designed, constructed, and
operated to contain all process wastewater in addition to
the runoff from the 25 year, 24 hour rainfall event as es-
tablished by the U.S. Weather Bureau for the region in which
the point source discharger is located.
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effluent
guidelines
of
September
7
were
made.
The
definition
of
a
"feedlot"
was
modified
slightly
to
show
that
if
either
crop
or
forage
growth
or
production
is
sustained,
the
operation
would
not
constitute
a
feedlot.
The
underlined
words
were
added
to
the
definition.
There-
fore,
when
conditions
exist
where
the
density
of
livestock
in
any
given
area
precluded
the
growth
or
production
of
crops
or
forage,
and
the
other
elements
of
the
definition
were
met,
those
conditions
would
describe
a
feedlot.
The
importance
of
the
modification
lies
in
the
inter—
pretation
that
livestock
operations
which
may
constitute
a
feedlot
in
the
strict
sense,
particularly
smaller
facili-
ties,
may
consider
management
options
which
disperse
or
decentralize
livestock
in
order
to
provide
crop
or
forage
growth.
Under
the
latter
circumstances
the
combined
effect
of
soil
and
vegetative
assimilation
of
manure
and
the
lower
rate
of
manure
deposition
per
unit
area
could
reasonably
be
expected
to
preclude
any
significant
pollution
problem.
Livestock
operations
which
cannot
be
defined
as
a
feedlot
by
the
modified
definition
presumably
do
not
fall
in
the
point
source
category.
These
final
regulations
make
it
clear
that
exceptions
to
the
"no
discharge"
standard
are
not
limited
to
those
occasioned
by
a
given
storm
event,
but
include
discharges
attributable
to
the
cumulative
effect
of
rainfall
or
snow-
melt
over
a
period
of
time.
The
regulations
indicated
that
"EPA
does
not
intend
to
establish
operating
criteria
for
feedlot
waste
control
fa-
cilities.
Rather,
the
regulation
establishes
a
performance
standard
with
an
exception
and,
to
qualify
for
this
excep-
tion,
the
operator
is
free
to
choose
any
method
of
operation,
providing
the
method
of
operation
causes
the
facility
to
contain
process
generated
wastewaters
and
usual
rainfall
events.
Such
methods
may
normally
include
removal
of
the
stored
wastewaters
for
purposes
of
irrigation
or
other
land
utilization
of
the
waste
in
accordance
with
accepted
agri-
c
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 guidelines
to
smaller
operations
is
under
review
by
EPA.
The
final
guidelines
recognize
that
all
possible
data
may
not
have
been
available
in
developing
the
final
guide-
lines
and
as
a
result,
limitations
in
the
final
guidelines
may
require
adjustment
for
certain
operations
in
this
cate-
gory.
An
individual
discharger
or
other
interested
person
may
submit
evidence
to
the
Regional
Administrator
(or
to
the
State,
if
the
State
has
the
authority
to
issue
NPDES
permits)
that
factors
relating
to
the
equipment
or
facili-
ties
involved,
the process
applied,
or
other
such
factors
related
to
such
discharger
are
fundamentally
different
from
the
factors
considered
in
the
establishment
of
the guide-
lines.
On
the basis
of
such
evidence
or
other
available
information, the Regional Administrator (or the State) will
make a written finding that such factors are or are not
fundamentally different for that facility compared to those
specified in the Development Document. If such fundamental-
ly different factors are found to exist, the Regional Ad-
ministrator or the State shall establish for the discharge
effluent limitations in the NPDES permit either more or less
stringent than the limitations established herein, to the
extent dictated by such fundamentally different factors.
Such limitations must be approved by the Administrator of
the Environmental Protection Agency. The Administrator may
approve or disapprove such limitations, specify other limi—
tations, or initiate proceedings to revise these regulations.
The rainfall events noted in the regulations have been
defined more broadly to mean an "event with a probable re-
currence interval of once in ten years or twenty-five years,
respectively, as defined by the National Weather Service in
Technical Paper Number 40, "Rainfall Frequency Atlas of the
United States", May 1961, and subsequent amendments, or e-
quivalent regional or state rainfall probability information
developed therefrom."
The "no discharge" concept for all feedlot categories
and the effluent guidelines for the ducks category that were
part of the proposed guidelines were not changed and were
incorporated as part of the final guidelines.
The application of these regulations to livestock oper—
ations in the Great Lake Basin appears adequate to minimize
gro
ss
run
off
pol
lut
ion
pro
ble
ms
fro
m t
hes
e o
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ati
ons
.
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5.3 State
Legal
controls
on
water
quality
have
been
recognized
as
traditional
state
responsibilities.
Considerable
vari—
ation
has
existed
among
states
in
their
activities.
While
most
state
legislation
does
not
mention
agricultural
pollu-
tion
sources
specifically,
they
are
not
excluded
especially
those
that
are
point
sources.
Because
of
the
increased
interest
in
agricultural
pollution
control,
some
states
have
developed
regulations
for
such
control.
The
control
of
water
pollution
from
animal
feedlot
operations
has
come
under
specific
regulations
in
a
number
of
states.
A
summary
of
state
regulations
that
existed
as
of
1971
(66,
67)
indicated
that
the
regulations
can
be
grouped
into
three
broad
areas:
a)
specific
regulations
concerning
feedlot
construction,
b)
control
of
feedlots
through
existing
regulations
such
as
water
quality
stan-
dards
or
public
nuisance
regulations,
and
c)
no
specific
regulations
were
considered
necessary
or
applicable.
A
model
state
statute
for
animal
waste
control
is
available
(68).
Livestock
operation
registration
and/or
permit
provisions
are
the
predominant
provisions
provided
by
specific
state
legislation
and
administrative
codes.
These
provisions
exist
in
most
of
the
major
beef
feeding
states
such
as
Arizona,
Kansas,
Nebraska,
Texas
and
Iowa.
The
Kansas
regulations
were
one
of
the
first
that
were
used
for
control
of
water
pollution
from
feedlots
and
have
been
used
as
an
example
by
other
states.
These
regulations
were
adopted
in
1965
and
stipulate
that
the
operation
of
existing
and
proposed
confined
feeding
operations
must
re—
gister
with
the
Kansas
State
Department
of
Health.
Where
a
potential
for
water
pollution
exists,
suitable
water
pollution
control
facilities
must
be
constructed
in
accor-
dance
with
plans
and
specifications
approved
by
the
Depart-
ment
of
Health.
Approved
facilities
normally
include:
a)
diVersion
of
runoff
from
non—feedlot
areas,
b)
retention
ponds
for
all
wastewater
and
runoff
contacting
animal
wastes,
c)
application
of
liquid
waste
to
agricultural
land,
and
d)
application
of
solid
wastes
to
agricultural
land.
An
important
aspect
of
the
regulations
is
that
if,
in
the
judgment
of
the
Department,
a
proposed
or
existing
confined
feeding
operation
does
not
constitute
a
water
pollution
problem,
provision
of
water
pollution
control
facilities
will not be required.
The
success
of
feedlot
regulations
of
the
above
nature
can
be
glimpsed
by
consideration
of
statements
made
by
the
Acting
Associate
Director
of
the
Bureau
of
Sport
Fisheries
72
 and
Wildlife,
Department
of
Interior
(63).
In
the
years
up
to
1970,
feedlot
pollution
on
the
Flint
Hills
National
Wildlife Refuge in Kansas had caused pollution problems in
the adjacent John Redmond Reservoir.
Approximately 100,000
cattle
are
in
the
feedlots
in
the
watershed
above
the
Reservoir.
Since 1970, although precipitation patterns
have been similar to earlier years, no pollution problems
have existed.
It was in the later 1960's and early 1970's
that the Kansas regulations were widely enforced.
Similar
reductions in feedlot pollution problems occurred at the
Buffalo Lake National Wildlife Refuge in Texas when the
Texas Water Quality Board enforced feedlot runoff control
regulations.
Modifications of the Kansas regulations, the use of
permits to assure adherence to federal, state, and local
regulations, and voluntary registration have been consid-
ered and adopted for feedlots in other states. While
procedures vary among the states, applicable regulations
contain general provisions that a feedlot operator obtain
a permit from the appropriate state agency, correct any
pollution hazard that exists, and assure that the operation
conforms to all applicable federal, state and local laws.
Minimum pollution control approaches may be required such
as runoff retention ponds, dikes, and distances from dwel—
lings and wells. A map of the area indicating land use,
streams, roads, houses, wells, and other salient features
frequently is requested.
As of 1971, of the states bordering the Great Lakes
only Minnesota had specific regulations for control of
waste from livestock feedlots. The Minnesota regulations
were developed in regard to solid waste control. The
Minnesota Pollution Control Agency and the Soil Conserva—
tion Service were developing an agreement covering the
planning and installation of animal waste control struc-
tures (69). The Illinois Pollution Control Board has I
pro
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state
permit
programs
can
be
more
stringent
than
for
the
national program.
Most
of
current
state
water
pollution
control
legisla—
tion
has
been
written
for
municipal
and
traditional
indus—
trial
wastes.
Livestock
wastes
have
different
volume
and
concentration
relationships
than
do municipal
and
industrial
wastes.
In
addition,
many
agricultural
wastes
do
not
reach
streams
except
as
land
runoff.
Disposal
on
the
land
rather
than
to
streams
is
common.
Use
of
the
land
as
an
integral
part
of
agricultural
waste
management
is
a
concept
that
must
be
recognized
in
applying
available
regulations.
To
assist
the
control
of
agricultural
wastes,
many
states
have
suggested
or
prepared
"Codes
of
Practice"
or
"Good
Practice
Guidelines"
for
the
disposal
of
agricultural
wastes
and
the
expansion
of
existing
or
expansion
of
new
livestock
facilities.
Examples
of
such
codes
or
guidelines
can
be
found
in
New
York,
Wisconsin,
and
Ontario,
Canada.
These
codes
are
intended
to
serve
as
a
basis
of
reasonable
operation
for
agricultural
operations,
including waste
man—
agement,
without
being
too
specific
in
design
requirements.
Key
items
in
the
codes
or
guidelines
include
suggestions
of:
- land area to dispose of wastes
— waste storage capacity
- distance to human dwellings
- criteria for satisfactory waste hand-
ling and treatment facilities
- odor control
- solid waste disposal
- runoff control
The
Agricultural
Code
of
Practice
for
Ontario,
Canada
(45)
incorporates
many
desirable
concepts
to
minimize
agri-
cultural
water
pollution
problems.
Recommended
land
areas
for waste
disposal
are
included
and were
based
on
the
number
of
equivalent
animal
units
contributing
the
wastes
and
the
characteristics
of
available
soil.
Minimum
tillable
land
requirements
were
suggested
for
both
loam
and
sandy
soils.
The
minimum
acreage
was
considered
that
necessary
to
avoid
the
risk
of
groundwater
pollution
by
nitrogen
compounds.
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Suggestions for adequate distance between livestock buildings
and human dwellings were included.
Approaches similar to those in the Ontario Code of
Practice have been considered by other states. Guidelines
for the state of Washington (70) include specific informa-
tion on acceptable distances between land used for animal
waste disposal and an open supply of water such as a river,
creek, or lake. These guidelines also suggest minimum land
areas which should be available for dairy manure waste dis-
posal. Such land areas are based on the estimated fertili-
zer content of dairy manure. A minimum land area of 0.3
hectares (0.73 acres)/dairy cow or 1240 dairy animalmanure
days/hectare/year (500 days/acre/yr) was recommended for
western Washington.
The Maine guidelines (44) outlined rates for the
spreading of manure on the land. The maximum rates were
developed based on the physical and chemical characteristics
of Maine soils and knowledge of the movement of manure li—
quids and residues on and through each soil type. The limi-
ting factor in determining application rates was the pounds
of nitrogen to be applied per acre. Tables were provided
to indicate manure application rates on specific Maine soil
types. Suggestions related to spreading on slopes, snow or
frozen ground, distances from surface waters, and type of
crop were included in the guidelines.
The New York guidelines (71) discussed farm sites and
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among the factors that will cause the good practice guide—
lines to vary from state to state and within a state.
Codes or guidelines of the above type can, however,
offer a valuable approach for management of potential pol-
lution problems from livestock production and represent a
useful model for other governmental organizations. Codes
or guidelines are preferable to governmental regulations
since there is the danger that regulations will be applied
uniformily to producers despite the wide variety of mea-
sures needed to properly protect the environment and the
wide differences between agricultural production operations.
5.4 Inadequacies and Possible Solutions
Examination of the range of federal and state regula-
tions which can affect animal feedlots reveals several
areas of possible inadequacy: a) lack of controls on non-
point sources of pollution, b) general lack of regulations
aimed specifically at agricultural sources of potential
pollution and c) few regulations dealing with potential
groundwater pollutionproblems. In the field of water pol-
lution control, the major federal and state programs are
aimed at point sources of surface water pollution.
The current EPA—NPDES regulations exempts most animal
production operations from obtaining a permit and therefore
from immediate scrutiny. The zero discharge EPA effluent
guidelines now in effect for feedlots means that point
source discharges from animal production operations will be
uncommon. As a result, any water pollution problems from
such operations will be of a diffuse, non-point source
nature.
Detailed state or national regulations for controlling
general agricultural runoff do not seem necessary. With the
exception of feedlot runoff, agricultural runoff is ubiqui-
tous and not amenable to conventional regulatory control.
Adherence to concepts included in the guidelines noted in
the Section 5.3, State, will minimize the pollution caused
by agricultural land runoff.
Specific state regulations
covering construction and operation of animal feedlots
could satisfactorily control animal feedlot runoff and meet
the February 14, 1974 effluent guidelines.
It is not desirable to develop rigid regulations which
would force an animal producer to adopt methods which are
not optimal for his operation.
There are many ways
to
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 modify
operational
practices
to
achieve
reduced
water
pollu-
5
tion.
Producers
should be encouraged to use any appropriate
I
approach
to
achieve
pollution
control
rather
than
to
simply
comply
with
an
uniform
set
of
conditions
prescribed
by
a
   
state pollution control agency.
The national effluent guide—
ii
lines
are
strictly
effluent
quality
requirements.
It
is
up
to
the
discharger
to
determine
his
own
means
of
compliance
using
any
available
sources
of
information.
State
regula-
tions
should
contain
the
same
flexibility.
Farms on which livestock are produced exist in an almost
unlimited combination of size, type of soil, slope of land,
proximity to residential areas and surface waters, and combi—
nation of income producing activities.
There is no one waste
management and runoff control system that will fit every
farm. Livestock producers do not have the technical know-
ledge to design and install the needed systems. Technical
assistance is available to help producers solve their waste
management problems from the Soil Conservation Service, the
Extension Service, and through a few other federal and state
agencies.' However the demand for technical assistance will
exceed the supply especially as the producers attempt to com-
ply with the effluent guidelines for the feedlot industry.
 
The personnel problems associated with a large scale
regulatory effort for livestock wastes deserve critical
evaluation. There are inadequate personnel available to de-
sign the runoff control and containment facilities for farms
with pollution control problems let alone design other waste
management approaches for livestock operations. Based on
Soil Conservation Service experience in planning, designing,
and installing waste management systems, approximately 23,000
man years of technical assistance would be required to meet
the needs of operations with water pollution problems (72).
Some 7,000 man years would be required on a yearly basis
between 1974 and 1977 to provide the technical assistance
necessary to design and install waste management systems to
meet proposed effluent guidelines. These estimated person-
nel needs are in addition to those needed to process permit
app
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ati
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and
ass
ure
com
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e w
ith
the
gui
del
ine
s.
In fiscal year 1973, the Soil Conservation Service pro-
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ut
390
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e
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and
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e m
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syst
ems
(72)
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management systems can be expected.
The chief federal water pollution control enforcement
agency, EPA, has only five full-time positions assigned to
feedlot pollution and these are in research, one in Wash-
ington and four in the EPA, Ada, Oklahoma research labora-
tory. Other individuals in EPA such as those in Effluent
Guidelines, permit programs, enforcement, and non-point
pollution problems also have part-time involvement with
feedlot pollution. The aggregate personnel in EPA assigned
to feedlot pollution is very small considering the need
created by the feedlot effluent guidelines and the permit
regulations.
Other federal agencies and state pollution control
organizations are unable to expand to meet the increased
demand caused by a livestock waste permit and enforcement
program without new personnel and financial resources.
Many agencies can barely sustain existing programs with
present staff and budget. To add a new comprehensive en-
forcement program at this time without new resources could
damage existing programs.
Any regulations developed to control pollution to
animal wastes should: a) prohibit practices under conditions
which make them undesirable, b) make it possible to easily
identify operations with the potential to cause pollution
problems, c) make compliance with the law desirable and
attractive to reduce the need for enforcement, and d) have
the producer responsible for proving compliance with the
regulations.
If it is deemed necessary to have a comprehensive en—
forcement program to control pollution from livestock wastes,
additional personnel and financial support will have to be
provided at both the federal and state levels.
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 Section 6
RESEARCH. DEMONSTRATION, AND
INFORMATIONAL PROGRAMS
6.1 General
Problems associated with animal wastes have been under
investigation for over a decade. Initial investigations
focused on the magnitude of the problems and subsequent in-
vestigations largely emphasized treatment and disposal pos-
sibilities which would minimize air and water pollution
problems. In recent years the investigations dealing with
treatment and disposal have continued but there has been
increasing interest on evaluating an animal production op-
eration as a total system, including the waste management
aspects.
As a result of these investigations, a considerable
body of knowledge exists on how to handle, treat, and dis—
pose of animal wastes with minimum adverse environmental
effects. The land has been considered to be the ultimate
acceptor of treated or untreated animal wastes and treatment
and disposal approaches have assumed that wastes could be
disposed of properly on the land. The emergence of non-
point source water pollution considerations has caused
practices associated with land disposal of wastes to receive
greater scrutiny.
The major animal waste research and demonstration pro-
grams are supported by the U.S. Department of Agriculture
through its many components and through various types of
sup
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t t
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es.
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6.2 Environmental Protection Agency
In 1967, the Federal Water Pollution Control Admin—
istration, now the Environmental Protection Agency, (EPA),
assigned the animal feedlot wastes (beef, swine, and
dairy) research and development responsibilities to the
Robert S. Kerr Environmental Research Laboratory at Ada,
Oklahoma. Responsibilities for poultry waste are assigned
to the Southeast Water Research Laboratory at Athens,
Georgia. The goals of the EPA animal waste program are
to define the animal waste problem and its real and poten-
tial pollutional effects, to determine technically deficient
areas of control, and to conduct and stimulate research,
development, and demonstration of animal waste pollution
control technology.
Specific details of this program can be obtained
from:
Agricultural Pollution Control Section
Non-Point Pollution Control Division
Office of Research and Development
Environmental Protection Agency
Washington, D.C. 20460
or
Agricultural Wastes Section
Robert S. Kerr Environmental Research Laboratory
Environmental Protection Agency
P.O. Box 1198 '
Ada, Oklahoma 74820
Several documents are available which identify the ac-
tivities and priorities of the EPA animal waste program (73,
74). Several large scale demonstration projects are in
progress for the treatment and disposal of dairy, beef, hog,
and poultry wastes using a variety of treatment and manage-
ment approaches. EPA interagency efforts have included
support of a study on beef cattle waste management with
ARS-USDA in Nebraska, and on modelling efforts of land run—
off with the Soil Conservation Research Division of ARS-USDA
at Watkinsville, Georgia.
The EPA research and development program has identified
the following areas as priority research needs:
— reprocessing and reuse systems for animal
and poultry waste
80
-demonstration
of
treatment/land
disposal
systems
for
animal
and
poultry
wastes
from small operations
—
demonstration
of
measures
to
control
an-
cillary
pollutants
such
as
odor,
dust,
antibiotics, etc.
—
methods
to
control
pollutants
from
new
and
abandoned
feedlots
and
containment/treat-
ment/land disposal of snowmelt runoff
— animal
management
concepts
which
minimize
pollution source problems
— dissemination of research and demonstration
results and waste management guidelines
A bibliography of livestock waste management research
literature has been prepared under EPAauspices and is
available (75).
The Office of Air and Water Programs, EPA, also is in—
terested in available practices of animal waste utilization
and/or disposal. A report of such practices was prepared
for the Office (76). The report focused on potential reuse
and recovery processes for animal wastes such as gas or oil
recovery and refeeding to animals. Land spreading was noted
as the ultimate destiny of nearly all the animal manure
currently produced.
The Effluent Guidelines Division of EPA has the respon—
sibility of providing guidelines for effluent limitations to
be achieved by "point" sources of waste discharge into navi—
gable waters and tributaries of the United States. In the
development of such guidelines, a report was prepared to
provide the most current and accurate data for the animal
feedlot industry, an industry identified as part of the
point source categories for which guidelines were necessary.
This report (77) identified the pollutant characteris-
tics from animal feedlots and assayed the available control
tec
hno
log
y.
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Another
USDA
agency
which
is
involved
in
research
is
the
Cooperative
State
Research
Service
(CSRS).
CSRS
admin—
isters
the
federal
grant
programs
for
agricultural
and
forestry
research
conducted
at
state
agricultural
experiment
stations
and
at
other
state
institutions.
A
considerable
amount
of
research
dealing
with
animal
waste
pollution
con-
trol
is
supported
by
CSRS
at
universities.
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projects
supported by
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are
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through
the
CRIS
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6.5.
6.4 National Science Foundation
Two projects supported by the Research applied to
National Needs Program (RANN) of NSF are likely to produce
results of interest to the control of nutrients from agri-
cultural operations. These projects deal with nitrate in
effluents from irrigated lands and the economic and eco-
logical consequences of inorganic fertilizer use. NSF also
is supporting research illustrating the production of methane
from animal wastes by anaerobic digestion.
6.5 Universities
A vast number of diverse research projects dealing
with animal waste treatment and disposal as well as runoff
control from agricultural lands are under way at many uni—
versities, especially the land grant universities and
colleges. A considerable portion of such research is sup-
ported by the U.S. Department of Agriculture through its
various divisions and components.
The Current Research Information System (CRIS) of USDA
can provide project abstracts on the animal waste and land
runoff projects conducted at the land grant univerSities.
These abstracts include project title, investigators, ob—
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nt
ly
fa
mi
li
ar
wi
th
th
e
ar
ea
to
pr
ep
ar
e
ac
cu
ra
te
ma
te
ri
al
.
Ab
st
ra
ct
s
ar
e
pu
bl
is
he
d
ev
er
y
tw
o
we
ek
s,
a
ye
ar
-
ly
su
mm
ar
y
is
av
ai
la
bl
e,
an
d
co
mp
li
at
io
ns
of
ab
st
ra
ct
s
on
Sp
ec
if
ic
to
pi
cs
ca
n
be
ob
ta
in
ed
.
Th
e
bi
bl
io
gr
ap
hy
on
li
ve
—
st
oc
k
wa
st
e
ma
na
ge
me
nt
no
te
d
ea
rl
ie
r
(7
5)
wa
s
co
mp
il
ed
fr
om
ab
st
ra
ct
s
wh
ic
h
we
re
fo
rw
ar
de
d
to
bo
th
WR
SI
C
an
d
EP
A,
Ad
a,
Oklahoma.
In
fo
rm
at
io
n
on
th
e
WR
SI
C
ab
st
ra
ct
s
ca
n
be
ob
ta
in
ed
from:
Wa
te
r
Re
so
ur
ce
s
Sc
ie
nt
if
ic
In
fo
rm
at
io
n
Ce
nt
er
Of
fi
ce
of
Wa
te
r
Re
so
ur
ce
s
Re
se
ar
ch
U.
S.
De
pa
rt
me
nt
of
th
e
In
te
ri
or
W
a
s
h
i
n
g
t
o
n
,
D.
C.
20
24
0
Th
e
in
fo
rm
at
io
n
fr
om
CR
IS
an
d
SS
IE
is
of
a
si
mi
la
r
na
-
tu
re
,
ab
st
ra
ct
s
of
re
se
ar
ch
pr
oj
ec
ts
.
Th
e
CR
IS
ab
st
ra
ct
s
pr
ov
id
e
mo
re
de
ta
il
ab
ou
t
re
su
lt
s,
pr
og
re
ss
,
an
d
pu
bl
ic
a-
ti
on
s.
SS
IE
pr
ov
id
es
se
le
ct
ed
in
fo
rm
at
io
n
pa
ck
ag
es
co
n—
si
st
in
g
of
No
ti
ce
s
of
Re
se
ar
ch
Pr
oj
ec
ts
(N
RP
's
)
fo
r
sp
ec
if
ic
to
pi
cs
in
cu
rr
en
t
re
se
ar
ch
.
Th
e
NR
P'
s
pr
ov
id
e
in
fo
rm
at
io
n
on
th
e
ob
je
ct
iv
es
of
a
pr
oj
ec
t
an
d
in
so
me
ca
se
s
on
pr
og
re
ss
an
d
re
su
lt
s.
Th
e
NR
P'
s
fr
om
SS
IE
ar
e
mo
re
co
mp
re
he
ns
iv
e
si
nc
e
th
ey
en
co
mp
as
s
ab
st
ra
ct
s
of
al
l
go
ve
rn
me
nt
fu
nd
ed
re
se
ar
ch
pr
oj
ec
ts
in
th
e
Un
it
ed
St
at
es
an
d
so
me
fr
om
ot
he
r
co
un
tr
ie
s.
Th
e
NR
P'
s
ar
e
no
t
li
mi
te
d
to
US
DA
an
d
th
e
la
nd
gr
an
t
un
iv
er
si
ty
re
se
ar
ch
pr
oj
ec
ts
.
Pr
oj
ec
ts
id
en
ti
fi
ed
in
th
e
CR
IS
ab
st
ra
ct
s
al
so
wi
ll
be
id
en
ti
fi
ed
in
th
e
SS
IE
-
NRP's.
In
fo
rm
at
io
n
pa
ck
ag
es
av
ai
la
bl
e
fr
om
SS
IE
th
at
ar
e
pe
rt
in
en
t
to
th
is
pr
oj
ec
t
in
cl
ud
e
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 — Non—Point Water Pollution from Agricul—
tural and Forest Land
- Waste Removal and Waste Treatment of
Livestock
— Groundwater Contamination from Agricul—
tural Sources
NRP's on these subjects were obtained and were used to pro-
vide information on current research.
Information on the SSIE informational packages can be
obtained from:
Smithsonian Science Information Exchange
1730 M Street NW
Room 300
Washington, D.C. 20036
6.7 Canada
In
di
vi
du
al
s
in
Ca
na
da
ha
ve
be
en
co
nc
er
ne
d
wi
th
th
e
pr
ob
le
m
of
fa
rm
an
im
al
wa
st
es
fo
r
as
lo
ng
a
pe
ri
od
as
th
os
e
in
th
e
Un
it
ed
St
at
es
.
Im
po
rt
an
t
co
nt
ri
bu
ti
on
s
ha
ve
be
en
an
d
co
nt
in
ue
to
be
ma
de
by
Ca
na
di
an
in
ve
st
ig
at
or
s.
Th
e
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Se
rv
ic
e
of
Ca
na
da
ha
s
pu
b-
li
sh
ed
"A
n
An
no
ta
te
d
Bi
bl
io
gr
ap
hy
of
Fa
rm
An
im
al
Wa
st
es
"
(7
8)
wh
ic
h
is
a
ve
ry
co
mp
re
he
ns
iv
e
su
mm
ar
y
of
th
e
ex
is
ti
ng
li
te
ra
tu
re
th
ro
ug
ho
ut
th
e
wo
rl
d.
Li
te
ra
tu
re
ci
te
d
in
th
e
CR
IS
an
d
WR
SI
C
re
po
rt
s
ca
n
be
fo
un
d
in
th
e
Bi
bl
io
gr
ap
hy
.
R
e
p
o
r
t
s
on
s
p
e
c
i
f
i
c
r
e
s
e
a
r
c
h
p
r
o
j
e
c
t
s
ar
e
a
va
i
l
a
b
l
e
p
e
r
i
o
d
i
c
a
l
l
y
.
I
n
f
o
r
m
a
t
i
o
n
on
su
ch
re
po
rt
s
an
d
th
e
B
i
b
l
i
o
—
g
r
a
p
h
y
c
a
n
b
e
o
b
t
a
i
n
e
d
f
r
o
m
:
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
S
e
r
v
i
c
e
D
e
p
a
r
t
m
e
n
t
o
f
t
h
e
E
n
v
i
r
o
n
m
e
n
t
O
t
t
a
w
a
K
I
A
-
0
H
3
O
n
t
a
r
i
o
,
C
a
n
a
d
a
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6.8 England
Considerable research and demonstration activities re-
lated to farm wastes have been conducted in England in the
past decade. Results of their studies can be applicable to
similar wastes in many of the Great Lakes states. Published
reports of these studies have been cited in the WRSIC re—
ports and the Canadian Bibliography.
Information on current projects and recent publications
can be obtained from:
Farm Waste Unit
Agricultural Development and Advisory Service
Ministry of Agricultural, Fisheries, and Food
Coley Park, Reading, England
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Section 7
ECONOMICS
OF
POLLUTION
CONTROL
7.1 General
Adequate
knowledge
about
the
costs
of
animal
waste
pol—
lution
control
related
to either waste
treatment
and
disposal
practices
or
land runoff
control
practices
is
fragmentary.
Both
the
actual
costs
to
the
producer
and
the
ultimate
costs
to
the
consumer
need
to
be
known.
Only
recently
have
there
been
reasonable
estimates
of what
the
costs
to
the producers
might be.
Most pollution control systems installed and operated
by livestock producers are likely to increase the costs of
livestock production.
Economic tradeoffs may be possible
if a pollution control device increases the efficiency or
decreases the cost of one of the production components. In
general, however, such tradeoffs are not likely to result in
a net decrease in overall costs. A cost increase caused by
incorporation of pollution control systems will reduce the
net income of a livestock producer because there is no oppor-
tunity for an immediate offsetting livestock price increase.
Depending upon the magnitude of the cost increase, the
livestock producer may chose to incur a reduction in net
income or to discontinue business. Those who stay in busi-
ness may increase their output to offset the increase in
costs.
The influence of envirommental controls such as water
pollution regulations can enhance economic growth if such
controls are properly formed and adequately administered
(79). Obsolete and improperly managed facilities may not
be able to survive but new and better facilities will replace
them.
/
Waste handling and disposal systems cannot be evaluated
only by the level of investment or operating costs since
they are an integral part of a total production system.
However such items do permit a comparison of costs when
pollution control systems are being considered. Unit costs
are
aff
ect
ed
by
the
siz
e
of
the
ove
ral
l
ope
rat
ion
wit
h
the
lar
ges
t p
er
uni
t c
ost
s a
nd
the
ref
ore
lar
ger
fin
anC
ial
bur
den
be
in
g
on
th
e
sm
al
l
vo
lu
me
pr
od
uc
er
.
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Available estimates of the costs required to achieve
adequate
water
pollution
control,
especially
to
meet
the
EPA effluent
guidelines
are
noted
in
the
following
para—
graphs.
It
should
be
remembered
that
these
estimates
are
based
upon
many assumptions
regarding
size,
management,
and
feasible
waste
management
approaches.
They
rarely
represent
data
from
actual
livestock
operations.
7.2 Nationwide
The
total
required
investment
to
meet
the
proposed
EPA
effluent
guidelines
for
the
fed—beef,
dairy,
hog,
lamb
feeding,
and
poultry
operations
with
surface
water
problems
was
estimated
at
$800
million
(72)
to
control
surface
runoff
from
a 10
year
24
hour
rainfall
and
$900
million
to
control
the
runoff
from
a 25 year
24
hour
rain—
fall.
The
small
livestock
producers
would
have
the
highest
per
unit
costs
and
probably
would
be
affected
the
greatest
by
the
need
to
install
the
runoff
retention
systems.
For
example,
some
69
percent
of
the
total
estimated
investment
of
$146
million
in
the
fed—beef
industry
would
be
required
of
operators
selling
less
than
100
head.
In
the
hog
in-
dustry,
four
fifths
of
the
estimated
investment
of
$280
million
would
fall
on
producers
selling
less
than
500
head
(72).
For
some
operations,
the
cost
of
complying
with
the
guidelines
would
be
prohibitive.
An
estimated
4
percent
of
all
dairy
producers
would
have
to
move
farms
and
lots
to
comply with the guidelines.
The
decision
by
a
livestock
producer
to
invest
in
pol—
lution
control
equipment
and
facilities,
as
well
as
the
opportunity
to
obtain
financing,
is
influenced
by
factors
such
as:
equity
position,
future
earning
capacity,
fixed
investment
in
the
livestock
enterprise,
and
the
importance
of
the
livestock
enterprise
in
relation
to
the
total
busi-
ness
(80).
For
most
producers,
the
investments
required
to
control
surface
water
runoff
generally
are
small
in
relation
to
the
total
investment
in
the
farm
operation.
This
holds
for
all
producers,
although
the
smaller
producers
will
have
a
larger
investment
in
pollution
control
equipment
per
ani-
mal
than
will
the
larger
producers.
It
is
unlikely
that
viable
livestock
operations
would
have
difficulty
in
obtain-
ing
loans
for
pollution
abatement
systems
(80).
If
a
financing
problem
exists,
it
is
likely
to
be
for
smaller
producers
who
are
in
poor
equity
and
low
income
earning
positions.
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Federal
land
banks,
life
insurance
companies,
and
commercial
banks
are
the
major
institutional
lenders
that
make
long—term
loans
for
farm
improvements
secured
by
farm
real
estate.
Commercial
banks
and
production
credit
asso-
ciations
are
important
suppliers
of
short-term
credit
for
farm
investments.
Farmers
Home
Administration
(FHA)
loans
are
available
on
both
long—term
and
short—term
bases
to
eligible
farmers
who
are
unable
to
get
credit
elsewhere
on
reasonable terms (81).
As
with
other
farm
improvements,
installations
of
pollution
abatement
facilities
would
be
an
eligible
purpose
for
FHA
loans.
Although
pollution
abatement
is
an
eligible
purpose
for
most
lenders,
many
farmers
may
not
be
able
to
get
financing
for
such
facilities
because
they
do
not
add
to
earning
capacity.
This
is
most
serious
for
small
or
marginal
farmers
who
may
have
all
the
debt
they
can
handle.
Conditions
that
would
make
loans
for
pollution
abate-
ment
more
attractive
to
lenders
include
more
technical
assistance
to
the
livestock
producers,
better
estimates
of
costs and financial impacts on farm earnings, more cost
sharing by the Government,
and greater tax incentives
(81).
There is no doubt that because of the increased costs
associated with pollution control, the trend toward fewer
but larger livestock operations will continue and possibly
increase.
7.3 Poultry
About 92 percent of the egg production units and almost
97 percent of the volume are under/confinement operations.
A few laying hen operations have liquid manure handling sys-
tems that are not satisfactory. Point pollution problems
are not regarded as serious. The small volume of production
faced with serious point source pollution problems has led
to the conclusion that neither egg supply or prices would be
much affected by the EPA regulations (82).
Virtually all broilers are produced in confinement. Few
point source pollution problems occur with these operations
and there should not be much change in supply or prices as
as a result of point source pollution restrictions (82).
About 89 percent of the turkeys are raised on the range.
Many turkey growing ranges are faced with p01nt source pollu-
89
   
    
tion
problems.
The
incidence
of
potential
problems
varies
widely
between
states.
The
costs
of
installing
runoff
control
units
to
meet
the
EPA
effluent
guidelines
was
es-
timated
to
be
about
30-40
cents
per
bird
(82).
7.4 Hog
Most
hog
production
comes
from
small
enterprises
on
crop—livestock
farms.
Approximately
22
percent
of
the
producers
in
the
15
major
hog
producing
states
were
esti—
mated
to
have
a
runoff
problem
requiring
additional
control.
The
investment
cost
per
hog
required
to
control
surface
runoff
to
meet
the
EPA
guidelines
was
estimated
to
range
from
$61
per
hog
for
very
small
producers
to
$4
per
hog
for
extremely
large
producers
(83).
A
b
o
u
t
60
p
e
r
c
e
n
t
of
the
p
r
o
d
u
c
e
r
s
n
e
e
d
i
n
g
r
un
o
f
f
con-
trol
are
small
volume
producers
with
high
unit
costs.
Many
are
marginal
producers
and
an
added
high
cost
for
pollution
control
would
force
many
out
of
business.
Thus
regulations
for
controlling
runoff
would
continue
the
change
in
struc-
ture
of
the
hog
production
industry
toward
more
larger
volume
producers.
O
t
h
e
r
e
s
t
i
m
a
t
e
s
of
the
c
o
s
t
s
of
hog
f
e
e
d
l
o
t
s
to
m
e
e
t
t
h
e
E
P
A
e
f
f
l
u
e
n
t
g
u
i
d
e
l
i
n
e
s
i
n
d
i
c
a
t
e
t
h
a
t
t
h
e
a
n
n
u
a
l
c
o
s
t
for
e
f
f
l
u
e
n
t
c
o
n
t
r
o
l
w
o
u
l
d
va
r
y
f
r
o
m
a
b
o
ut
$3
p
e
r
h
e
a
d
for
the
s
m
a
l
l
e
s
t
hog
o
p
e
r
a
t
i
o
n
to
a
b
o
ut
$1.23
p
e
r
h
e
a
d
for
o
p
e
r
—
a
t
i
o
n
s
p
r
o
d
u
c
i
n
g
900
hogs
a
n
n
u
a
l
l
y
(84).
I
n
c
r
e
m
e
n
t
a
l
costs
for
i
n
v
e
s
t
m
e
n
t
s
in
r
u
n
o
f
f
c
o
n
t
r
o
l
l
a
g
o
o
n
s
and
l
i
q
ui
d
d
i
s
p
e
n
-
sing
e
q
u
i
p
m
e
n
t
we
r
e
e
s
t
i
m
a
t
e
d
as
v
a
r
y
i
n
g
f
r
o
m
$2,050
for
the
o
p
e
r
a
t
o
r
p
r
o
d
u
c
i
n
g
100
hogs
a
n
n
u
a
l
l
y
to
$
5
,
1
0
0
for
the
o
p
e
r
a
-
tor
p
r
o
d
u
c
i
n
g
900
hogs
a
n
n
ua
l
l
y.
I
n
i
t
i
a
l
i
n
v
e
s
t
m
e
n
t
s
for
f
e
a
s
i
b
l
e
,
a
v
a
i
l
a
b
l
e
w
a
s
t
e
h
a
n
d
-
l
i
n
g
a
n
d
m
a
n
a
g
e
m
e
n
t
s
y
s
t
e
m
s
r
a
n
g
e
d
f
r
o
m
$
1
t
o
$
1
2
p
e
r
h
o
g
w
i
t
h
a
n
a
n
n
u
a
l
c
o
s
t
of
$
0
.
3
t
o
$3
p
e
r
h
o
g
f
o
r
e
q
u
i
p
m
e
n
t
a
n
d
o
p
e
r
a
t
i
o
n
(81).
A
p
r
o
d
u
c
e
r
f
i
n
i
s
h
i
n
g
1
5
0
0
p
i
g
s
a
n
n
u
a
l
l
y
w
a
s
a
s
s
u
m
e
d
i
n
e
s
t
i
m
a
t
i
n
g
t
h
e
s
e
c
o
s
t
s
.
T
h
e
w
a
s
t
e
s
y
s
t
e
m
s
c
o
n
s
i
d
e
r
e
d
i
n
c
l
u
d
e
d
a
n
a
e
r
o
b
i
c
l
a
g
o
o
n
s
,
o
x
i
d
a
t
i
o
n
d
i
t
c
h
,
h
o
l
d
-
i
n
g
p
i
t
s
,
a
n
d
e
q
u
i
p
m
e
n
t
t
o
l
o
a
d
a
n
d
l
a
n
d
s
p
r
e
a
d
t
h
e
w
a
s
t
e
s
.
7.5 Dairy
M
i
l
k
i
s
p
r
o
d
u
c
e
d
u
n
d
e
r
a
n
u
m
b
e
r
o
f
d
i
f
f
e
r
e
n
t
s
i
t
u
a
t
i
o
n
s
t
h
r
o
u
g
h
o
u
t
t
h
e
U
n
i
t
e
d
S
t
a
t
e
s
.
C
l
i
m
a
t
i
c
c
o
n
d
i
t
i
o
n
s
d
e
t
e
r
m
i
n
e
9O
ho
u
s
i
n
g
t
y
p
e
s
a
n
d
m
a
n
u
r
e
h
a
n
d
l
i
n
g
p
r
o
c
e
d
u
r
e
s
.
In
t
h
e
n
o
r
-
t
h
e
r
n
r
e
g
i
o
n
,
w
h
i
c
h
i
n
c
l
u
d
e
s
t
h
e
G
r
e
a
t
L
a
k
e
s
s
t
a
t
e
s
,
h
e
r
d
s
t
e
n
d
t
o
b
e
s
m
a
l
l
e
r
a
n
d
c
o
w
s
a
r
e
h
o
u
s
e
d
i
n
b
a
r
n
s
o
r
c
l
o
s
e
d
s
h
e
l
t
e
r
s
,
p
a
r
t
i
c
u
l
a
r
l
y
d
u
r
i
n
g
w
i
n
t
e
r
m
o
n
t
h
s
.
S
h
e
l
t
e
r
fa—
c
i
l
i
t
i
e
s
u
s
u
a
l
l
y
h
a
v
e
o
u
t
s
i
d
e
lots
a
s
s
o
c
i
a
t
e
d
w
i
t
h
them.
M
a
n
u
r
e
is
s
p
r
e
a
d
a
l
m
o
s
t
d
a
i
l
y.
A
b
o
u
t
38
p
e
r
c
e
n
t
of
t
h
e
farms
in
the
n
o
r
t
h
e
r
n
region
were
i
n
d
i
c
a
t
e
d
to
have
a
run-
o
f
f
c
o
n
t
r
o
l
p
r
o
b
l
e
m
.
In
the
northern
region,
it
is
estimated
that
the
cost
of
controlling
surface
water
runoff
to
meet
the
EPA
guide—
lines
would
range
from
about
$2800
to
$3700
per
farm
with
the
unit
costs
ranging
from
$187
to
$25
per
cow
(85).
Costs
expressed
on
a
100
pounds
of
milk
basis
were
estima-
ted
as
ranging
from
13
to
93
cents
per
100
kilograms
(6
to
42
cents
per
100
pounds).
The
largest
unit
costs
occur
on
the
smaller
farms.
As
a
result,
the
guidelines
would
hasten
the
trend
toward
larger,
more
efficient
farms.
Incremental
costs
for
effluent
control
for
dairy
farms
were
estimated
to
range
from
$1200
for
a
25
cow
herd
to
$6000
for
a
1000
cow
herd
(84).
Total
investments
per
cow
decreased
as
herd
size
increased
and
varied
from
$44
for
25
cow
herds
to
$4.85
for
1000
cow
herds.
These
costs
were
estimated
to
range
between
1-4
percent
of
the
total
invest—
ment on the dairy farms.
7.6 Beef
In the major eastern beef producing states, which in—
clude the Great Lake states, there were about 179,000 beef
I
producers in 1969.
Feedlots with less than 100 head capa—
%
city produced 26 percent of the fed—beef marketed in these
states. Between 25~50% of the lots in the eastern states
have water pollution problems.
 
The highest investment per head of cattle to control
runoff and meet the EPA guidelines are incurred by the
small operations with land extensive open—lot systems lo-
cated in the humid eastern beef feeding states. Estimates
of new investments in runoff control systems ranged from
$145 per head for lots with less than 100 head capacity,
to $21 for lots with 100-199 head capacity, and to $3 per
head for lots with over 1000 head capacity (86).
The incremental costs for beef cattle feedlots to meet
the EPA effluent guidelines were estimated to vary from
$2,050 for a feeder marketing 100 head annually to $63,500
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for
fee
der
s m
ark
eti
ng
40,
000
hea
d.
The
est
ima
ted
ann
ual
cost
s r
ang
ed
fro
m $
3.04
for
the
sma
lle
st
fee
der
to
$0.6
5
for the largest feeders (84).
A detailed analysis of alternative beef waste manage-
men
t s
yst
ems
is
ava
ila
ble
(87)
.
Cos
t a
nd
des
ign
inf
orm
a-
tio
n w
ere
obt
ain
ed
fro
m f
eed
lot
vis
its
and
the
lit
era
ture
.
For large feedlots (20,000 head), the operating cost of a
waste management system for an unpaved lot with pollution
con
tro
l w
as
$0.
133
per
ani
mal
/da
y.
The
pen
fac
ili
tie
s w
ere
abo
ut
65%
of
the
tot
al
inv
est
men
t c
ost,
the
run
off
con
tro
l
system about 10%, and the solids handling about 25%. Thus
the
run
off
con
tro
l s
yst
em
cos
t w
as
onl
y a
sma
ll
fra
cti
on
of
the
tota
l w
ast
e m
ana
gem
ent
cost
s.
Sev
en
dif
fer
ent
was
te
management systems were evaluated and investment and oper—
ating costs estimated.
7.7 Current Research
Based upon Notices of Research Projects available from
the Smithsonian Science Information Exchange, the following
pertinent current research projects were identified:
— Smith, R.C., "Economic Analysis of the Impact of
Pollution Control on the Poultry Industry in the Northeast",
University of Delaware, Department of Agriculture and Food
Economics. The economics of alternative techniques for dis—
posing of wastes ranged from $16 to $29 per ton of waste
material. Alternatives included disposal on the land, dis—
posal to a landfill, and delivery to swine producers.
- Johnson, D.B., Connor, L.J., and Hoglund, "Economics
of Livestock Waste Management in United States Fed Beef and
Dairy Production Regions", Economic Research Service, Farm
Production Economics Division, U.S.D.A., Michigan State
University. A major objective is to evaluate the effect on
production costs and investments for firms complying with
animal waste regulations - progress not reported.
- Baker, M., "Economic Impacts of Water Pollution Con- .
trol Programs on Cattle Feedlots", Nebraska Agricultural ‘
Experiment Station, Lincoln, Nebraska. A major objective
is to assess the economic effects of water pollution from
feedlots, to evaluate alternative means of pollution abate-
ment and to estimate the potential economic impacts on the
feedlot enterprise. The estimated annual cost for feedlot
pollution control in the Papio watershed was estimated to be
92
$1.28
p
e
r
h
e
a
d
c
a
p
a
c
i
t
y
with
a
range
of
$2.38
p
e
r
h
e
a
d
ca—
p
a
c
i
t
y
for
f
e
e
d
l
o
t
s
w
i
t
h
un
d
e
r
125
head
c
a
p
a
c
i
t
y
to
$1.12
p
e
r
h
e
a
d
c
a
p
a
c
i
t
y
for
lots
wi
t
h
more
than
2100
head
capa—
city.
P
o
l
l
u
t
i
o
n
control
s
t
r
uc
t
ur
e
s
could
r
e
q
ui
r
e
$13.23
i
n
v
e
s
t
m
e
n
t
per
head
c
a
p
a
c
i
t
y
for
feedlots
wi
t
h
a
p
p
r
o
x
i
m
a
t
e
l
y
100 head capacity.
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Section 8
AVAILABLE TECHNOLOGY
8.1 General
Solutions for satisfactory animal waste treatment and
disposal
will
not
be
direct
extensions
of
those
that
have
been
successful
for
industries
and municipalities.
Compared
to municipal
and
industrial
wastes,
animal
wastes
are
low
volume,
high
strength wastes.
When
diluted,
their
character-
istics
may
be
similar
to
the
concentrated
solids
from
a muni-
ciapl waste treatment plant.
However,
because there are many
alternatives to a water carriage system for the handling of
animal
wastes,
there
is no
need
to
dilute
the wastes
to
a
level comparable to the concentration of municipal wastes.
In
addition
to
the
difference
in waste
characteristics,
avail-
able
pollution
control
technology
should
recognize
that
inadequate
labor
exists
at
most
livestock
operations
for
complex treatment and disposal methods,
that the wastes are
generated at remote,
diverse sources,
that transporting the
wastes
to
a central
location
for
treatment
and
disposal
is
unlikely,
and
that
no
subsidy
in
the
form of
construction
or
operations grants is available to livestock operations for
waste
treatment
and
disposal.
As
a result,
simple
processes
that
are
able
to
be
integrated
with
existing
livestock
pro-
duction
methods
and
that
utilize
available
equipment
and
personnel
will
be
those
that will
be
accepted
and
successful.
In
spite
of
the
fact
that
research
on
suitable
animal
waste
management methods
is
of
recent
vintage,
there
are
a
number
of
processes
that
can
minimize
flagrant
pollution
problems
and
that
can
be
integrated with
modern
animal
pro-
duction
operations.
No
one
treatment
process
or
system will
be
the
solution
for
all
operations.
A
suitable
system
for
a
specific
facility
will
be
a
function
of
the
size
of
the
operation,
available
land,
topography
and
meterology,
soil
type,
nearness
to
neighbors,
and
ability
to
maintain
applicable
product
quality
requirements.
As
with
other
industries,
animal
production
operations
should
be
located
where
minimum
cost
treatment facilities are possible.
Site
selection
requires
attention.
Until
recently,
many
animal
production
facilities
have
been
developed
with
little
planning
and
concern
for
the
nuisance
and
pollutional
charac-
teristics
inherent with
their
operation.
Many
of
the
obvious
pollution
problems
could
have
been
prevented
if
the
animal
production
facilities
had
been
located
in
areas
less
suscep-
tible
to
runoff,
to
uncontrolled
release
of
wastes
to
streams,
94
 and
to
air
movements
that
carry
odors
to
residential
areas.
In
the
past
decade,
a
variety
of
alternative
waste
treatment—handling-disposal
systems
have
been
identified
and
demonstrated.
The
intent
of
this
report
is
not
to
pro-
Vide
a
literature
review
of
all
possible
processes
but
to
indicate
the
importance
of
the
processes
in
reducing
water
pollution
and
to
indicate
the
effectiveness
of
available
technology
to
cope
with
pollution
problems.
For
the
purpose
of
the
report,
the
available
technology
will
be
grouped
and
discussed
in
the
following
manner:
a)
technology
that will
affect
the
characteristics
of
the
wastes
so
that
the
pollution
potential
of
the
wastes
is
decreased
when
they
are
disposed
of
on
the
land
b) technology that relates to the disposal of wastes on
the land and its effectiveness in controlling water pollu—
tion.
The assumption that livestoCk wastes will be disposed
of on land is implicit in this discussion.
This assumption
appears reasonable in light of the effluent guidelines pro—
posed by the Environmental Protection Agency and because
land disposal, with or without intermediate treatment, is
a feasible method for the disposal of these wastes.
8.2 Waste Treatment Technology
As indicated above, this section will attempt to iden—
tify the technology that is available to treat livestock
wastes prior to land disposal and which may affectthe po-
tential pollution of the wastes when disposed of on the
land. There are many Conference Proceedings, technical
reports, and summaries of available technology. The most
comprehensive and concise is the Development Document pre-
pared to identify the waste characteristics of the feedlot
industry and applicable technology (77). This document I
contains information on twenty-nine separate processes With
comments on the development status of a process and its
reliability and applicability. This document should be
consulted for details of specific processes. Tables 17 and
18 are from that document and identify the processes that
were evaluated, their function and status, and the energy
usage and by-products.
Many of the processes have not been used widely with
animal wastes. All have had their potential evaluated
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TABLE 17
END-OF-PROCESS TECHNOLOGY CLASSIFICATION (77)
 
TYPE
OF
APPLICATION FUNCTION STATUS PROCESS
Treatment
PhYS'
Con-
Ex- Bio- ical
Run- tain— Com— Par-
peri- chem— Chem
TECHNOLOGY
Manure off ment plete tial BPCTCA BATEA mental ical ical
Land Utilization
x
x
x
x
x
Compost and Sell
x
x
' x
x
Dehydration
x
x
x
x
x
Conversion
to
Industrial Products
}
Aerobic SCP Production
1
Aerobic Yeast Production
}
Anaerobic SCP Production
‘
Feed Recycle
Oxidation Ditch
Activated Sludge
Wastelage
Anaerobic Fuel Gas
Fly Larvae Production
Biochemical Recycle
Conversion to Oil
Gasification
Pyrolysis
Incineration
Hydrolysis
Chemical Extraction
Runoff Control
BLWRS
Lagoons for Treatment
Evaporation
Trickling Filters
Spray Runoff
Rotating Biological
Contactor
Water
Hyacinths
Algae
 
X
X
X
X
X
X
X
X
X
X
X
X
X
x
>
<
x
x
>
<
x
x
x
>
<
x
x
x
x
>
<
x
x
x
x
x
>
<
x
x
>
<
x
x
x
x
>
<
x
x
>
<
x
x
>
<
x
x
>
<
x
x
>
<
x
x
x
x
>
<
x
9
6
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
  
    
TABLE
18
-
ENERGY AND NON-WATER QUALITY ASPECT
OF LIVESTOCK WASTE TECHNOLOGY (77)
Net Energy
Technology Usage By-Product
Land Utilization Low None
Composting Low None
Dehydration High None* {1
Conversion to Industrial {‘
Products Low None* 3
Aerobic SCP Production High None* J,
Aerobic Yeast Production High None* j;
Anaerobic SCP Production Low None* g‘
Feed Recycle Process Low Fiber f
Oxidation Ditch High Sludge, liquid E
Activated Sludge High Sludge, liquid ,
Wastelage Low None* %
Anaerobic Fuel Gas Low Sludge E
Fly Larvae Production Low Compost
Biochemical Recycle Low Fiber
Conversion to Oil Low Ash
Gasification Low Ash
Pyrolysis Low Ash
Incineration Low Ash
Hydrolysis Low None*
Chemical Extraction Low Liquid
Runoff Control Low Liquid, solids
BLWRS Low None
Lag
oon
s f
or
Tre
atm
ent
Low
Slud
ge,
liq
uid
.
Eva
por
ati
on
Low
Slud
ge
ﬂ
Tri
ckl
ing
Fil
ter
s
Low
Slud
ge,
liq
uid
33
Spr
ay
Runo
ff
Low
Gras
s,
liq
uid
$
Rotating Biological M
Contactor Low Sludge, liquid $
Wat
er
Hya
nci
nth
s
Low
Non
e*
#
Alg
ae
Low
Non
e*
iﬁ
*N
ot
e:
Un
le
ss
ot
he
rw
is
e
sp
ec
if
ic
al
ly
in
di
ca
te
d
as
h,
sa
lt
s
1%
or
sim
ila
r s
yst
em
resi
dual
s,
if
any,
are
not
full
y e
s-
j%
ta
bl
is
he
d
at
fu
ll
sc
al
e.
%
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u
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through
laboratory
and
frequently
demonstration
scale
re—
search.
The
available
pollution
control
technology
in-
cludes:
land
disposal,
composting,
dehydration,
oxidation
ditch,
activated
sludge
modifications,
wastelage
production
and
refeeding,
runoff
control,
lagoons
for
treatment,
and
evaporation.
It
is
unlikely
that
evaporation
is
useful
in
the
Great
Lakes
region
to
control
pollution
from
livestock
wastes.
The
other
processes
can
be
applicable
to
operations
in
this
region
and
will
be
discussed
briefly.
8.2.l Liquid Processes
8.2.l.l Runoff Control
Where
animals
are
enclosed
in
the
open,
such
as
in
a
feedlot,
runoff
from
these
areas
has
the
potential
for
serious
waste
pollution
problems.
The
charaCteristics
of
the
runoff
and
its
volume
will
be
related
to
the
rainfall-
runoff
relationships
that
exist
in
a
specific
area.
Proper
site
selection
and
the
location
of
the
feedlot
can
reduce
the
potential
of
water
pollution
significantly.
A
site
should
be
chosen
that
is
away
from
a
stream
or
waterway.
Animals
in
confined
feedlots
should
not
have
free
access
to
a
stream
since
this
will
permit
a
natural
stream
to
run
through
the
lot
and
be
the
receptor
of
feedlot
runoff.
Drainage
of
feedlots
through
adjacent
property,
road
ditch-
es,
or
directly
into
natural
streams
or
lakes
is
not
desir-
able.
Land
area
should
be
available
so
that
drainage
from
the
lots
can
be
retained
on
property
owned
by
the
feedlot.
A
critical
feedlot
management
item
is
to
divert
all
water
outside
the
feedlot
from
flowing
through
the
lot.
All
water
from
adjacent
land
and
from
roof
drains
should
be
diverted
to
avoid
contact
with
the
feedlot
wastes.
Diver-
sion
of
extraneous
water
provides
for
a
drier
environment
for
the
animals,
possibly
reduced
odor,
and
a
marked
decrease
in
the
volume
of
feedlot
runoff
to
be
managed.
Even
with
proper
site
selection
and
lot
management
some
runoff
will
result
and
will
require
suitable
management.
The
use
of
conventional
waste
treatment
techniques
for
feedlot
runoff
and
wastes
will
not
be
necessary
because
land
is
generally
available
for
runoff
control
and
waste
disposal.
The
most
practical
approach
for
feedlot
runoff
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 control appears to be a combination of protective dikes and
levees to prevent the entry of rainfall from outside the
feedlot area, plus collecting dikes,
levees,
and holding
ponds to collect the rainwater falling directly on the lot
(Figure 5).
After collection and retention, some acceptable
means of disposing of the liquid and solid material such as
fertilization and irrigation on available pasture and crop—
land should be employed. Overflows from the retention ponds
may be allowed only during times of rainfall that exceed the
design criteria. Acceptable criteria appear in the efflu—
ent guidelines proposed by EPA.
The use of runoff retention ponds will change the
characteristics of the livestock wastes. The volume of
contaminated material will be greater by the amount of run—
off water, there will be a greater amount of soluble con—
taminants, the solids can undergo anaerobic decomposition
on the bottom of the ponds, and the size of particulate
material can be reduced by microbial action. Perhaps the
changes having the most significant impact on subsequent
land disposal considerations are the large volume of liquid
to be handled and the increased concentration of soluble
contaminants.
The amount of land needed for disposal of feedlot
runoff and wastes collected in a retention pond will be
related to the possible accumulation of nitrogen and salts
in the soil profile. In the areas with a low amount of
rainfall and high evaporation rates, higher concentrations
of these contaminants are in the runoff. Feedlot runoff in
Texas had too high a salt content to be used as crop irri-
gation water (88). The electrical conductivity of the
runoff was 6 to 10 mmhos/cm. Desirable water for irrigation
did not have a conductivity exceeding 2 mmhos/cm. Because
of
the
hig
her
rai
nfa
ll
in
the
Gre
at
Lak
es
sta
tes
, s
uch
a
salinity hazard should be negligible.
Ret
ent
ion
pon
ds
wil
l m
ini
miz
e t
he
pol
lut
ion
cau
sed
by
run
off
fro
m o
pen
ani
mal
pro
duc
tio
n
uni
ts.
The
y
sho
uld
no
t,
ho
we
ve
r,
be
co
ns
id
er
ed
as
a
so
le
so
ur
ce
of
tr
ea
tm
en
t
si
nc
e
th
ei
r
ef
fl
ue
nt
do
es
no
t
me
et
re
qu
ir
em
en
ts
fo
r
di
s-
ch
ar
ge
to
re
ce
iv
in
g
st
re
am
s.
Wi
th
pr
op
er
op
er
at
io
n,
ru
no
ff
re
te
nt
io
n
po
nd
s
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e
a
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ry
fe
as
ib
le
wa
st
e
ma
na
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me
nt
te
ch
-
ni
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e
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r
co
nf
in
ed
,
un
en
cl
os
ed
fe
ed
lo
ts
.
Th
er
r
va
lu
e
ha
s
be
en
pr
ov
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in
ma
ny
ca
tt
le
fe
ed
in
g
st
at
es
.
Gr
as
s
te
rr
ac
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of
fe
r
an
ot
he
r
op
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un
it
y
fo
r
ru
no
ff
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nt
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l
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no
ff
re
te
nt
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n
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nd
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Ru
no
ff
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nd
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te
nt
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n
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nd
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n
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to
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du
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80
11
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 colation
and
in
pollutional
characteristics
by
solids
re-
moval
on
the
land
and
by
oxidation
of
some
of
the
organic
'
matter
in
the
stubble
or
grass.
Runoff
control
systems
using
a
settling
channel,
porous
dams,
and
a
detention
pond
for
holding
the
liquid
portion
of
the
runoff
have
been
investigated
(89).
The
}?
objective
of
these
systems
was
to
remove
settleable
solids
‘
from
the
runoff.
Disposal
of
the
settled
solids
was
on
adjacent
fields
using
suitable
equipment
and
the
liquid
in
the
retention
pond
was
pumped
onto
adjacent
cropland.
The
settling
channels
were
successful
with
the
heavier
par-
ticles
such
as
undigested
grain
settling
out
rapidly.
The
porous
dams
consisted
of
crushed
rock
supported
by
wood
planking.
Reducing
the velocity
of runoff
flow was
a
low
maintenance
method
of
controlling
the
settleable
solids
content
of
runoff
reaching
a runoff
detention
pond.
In
a
continuous
flow system, up
to50% of the total solids in
feedlot runoff were removed by a series of three porous
dams. This approach is feasible for separating discrete
particulate material from animal waste runoff. It may be
less successful with wastes that contain fine particulate
matter such as dairy or poultry manure slurries. Such fine
.
matter may be difficult to remove from the settling areas
4;
and may plug the porous dams.
 
8.2.1.2 Enclosed Operations
Many livestock operations utilize enclosed con-
fined facilities in part or all of their operations. En—
closed operations are not subject to the probabilistic
nature of precipitation events and a greater variety of
treatment technology is possible. The ultimate disposal
of wastes generated at these facilities is on the land. ';V
Closed system recycle opportunities also are increased ;*
because of better control of the wastes.
A waste management system for enclosed confined
facilities will deal with wastes having a consistency of
"as defecated", as a liquid, or as a "dry" material. The
most feasible approach will depend upon the nature of the
waste, and labor requirements and availability. Justifi-
cat
ion
of
a l
iqui
d m
anu
re
sys
tem
fre
que
ntl
y i
s d
one
on
the
basis of reduced labor demand. To obtain the benefits of
imp
rov
ed
lab
or
dis
tri
but
ion
,
rea
son
abl
y
lon
g
sto
rag
e
per
-
iod
s a
nd
a p
lan
ned
dis
pos
al
sch
edu
le
mus
t b
e a
vai
lab
le
an
d
ma
in
ta
in
ed
.
Th
e
lo
ng
st
or
ag
e
ca
n
be
un
de
r
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th
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-
ae
ro
bi
c
an
d
ae
ro
bi
c
co
nd
it
io
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waste treatment and disposal alternatives
are noted in
Figure 6.
Daily manure cleaning and spreading on the land
or daily manure cleaning, manure storage, and intermittent
disposal on the land are feasible manure handling proce-
dures at many livestock operations.
The simplest form of
waste handling can consist of a tractor with a rear or
front mounted
blade
or
bucket
and
a
ramp
for
pushing
the
manure into a spreader.
This
system requires daily spread-
ing.
Difficulties
in
disposing
of
the
wastes
on
the
land
result
when
the
land
is wet
or
frozen
or
when
crops
are
being
grown
on
the
land.
Labor
is
distributed
throughout
the
year.
A
holding
tank
permits
flexibility
during
peri—
ods
when
the wastes
cannot
be
disposed
of
on
the
land.
In northern
climates,
holding
capacity
of
from
three
to
five
months
is
suggested.
These
holding
tanks
are
not
aerated
and
odorous
gases
and
compounds
will
result
due
to
the
anaerobic
conditions
in
the
tanks.
Livestock
waste
storage
in holding
tanks
is
not
a treatment
process.
Because
of
the
biodegradable
nature
of
the wastes
and
lack
of
aeration
in
the
tanks,
anaerobic
degradation
of
the material
will
occur.
Such
storage
is
not
a controlled
anaerobic
digestion
system
but
storage
under
anaerobic
conditions
that
cause
partial
decomposition
and
odor.
The
odor
nuisance
is
caused
more
by
the
movement
of
the
stored
slurry,
i.e.,
pumping
and
cleaning,
than
by
the fact of its storage.
The changes in waste
characteristicsthat occur
in anaerobic storage include an increase in soluble con-
taminants and a possible increase in the volume of the
material requiring disposal.
The latter occurs because of
the necessity of adding water to the accumulated wastes to
facilitate
their
removal
by
pumping.
Generally
the
solids
content must be in the range of 10—15% to accomodate removal
by
pumping.
Where
solids
removal
can
be
accomplished
by
solids
removal
equipment
such
as
front
end
loaders,
the
additional water is not necessary and the waste volume need
not be increased.
In northern
climates,
it
may not
be
possible
to
spread
dairy
manure
every
day
and
manure
stackers
can
be
used
to
stack
the
dairy
manure
in
a walled
storage
area
during
the
winter months.
This
results
in
an
exposed
hold-
ing area with both solids and drainage to take care of.
A
runoff retention pond should be used with such stacking
systems
to
assure
that
any drainage
is
kept
from
nearby
102
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streams.
Anaerobic
lagoons
are
a
possible
alternative
both
as
a
storage
and
as
a
waste
stabilization
process.
They
are
different
from
manure
storage
units
described
above
in
that
anaerobic
lagoons
are
designed
to
provide
some
degree
of
treatment
or
stabilization
through
controlled
anaerobic
microbial
reactions.
Attention
must
be
given
to
the
en-
vironmental
conditions
affecting
the
biological
reactions
in
the
lagoon
if
it
is
to
be
operated
as
controlled
biolog-
ical
process.
Seepage
and
evaporation
could
be
less
than
the
waste
inflow
and
the
anaerobic
lagoons
would
have
an
overflow.
Such
overflow
will
have
a
high
oxygen
demand,
and
contain
organic
material,
aquatic
nutrients,
color,
and
chlorides.
Under
the
worst
of
conditions,
i.e.,
cold
tem-
peratures
and
little
microbial
activity,
it
will
act
as
a
sedimentation
unit.
Under
more
favorable
conditions
both
sedimentation
and
biological
degradation
will
take
place.
Anaerobic
lagoons
should
be
used
as
part
of
a
waste
system
rather
than
the
sole
unit.
As
part
of
a
combined
system,
an
anaerobic
unit
can
act
as
a
surge
tank
and
a
repository
for the heavier solids.
The
change
in
waste
characteristics
that
occurs
in
anaerobic
lagoons
and
similar
units
are
an
increase
in
soluble
contaminants,
stabilization
of
the
accumulated
so-
lids,
and
an
increased
volume
of
material
to
be
disposed
of.
Animal
wastes
are
defecated
as
a
semi—solid
with
a
moisture
content
in
the
range
of
70—80%
depending
upon
animal
specie.
Considerable
water
must
be
in
anaerobic
units
to
make
them
functional
and
thus
the
animal
wastes
are
diluted
when
entering
the
unit.
Eventually
solids
must
be
removed
from
the
anaerobic
units
for
disposal
to
the
land.
These
solids
have
been
stabilized
by
the
microbial
activity
during
their
long
stay
in
the
units.
They
are
less
pollutional
than
the
wastes
that
enter
the
unit.
They
should
not,
however,
be
discharged
to
surface
waters.
A
system
that
incorporates
an
aerobic
unit
as
a
storage
tank
or
following
an
anaerobic
lagoon
can
minimize
odor
problems
and
obtain
higher
degrees
of
waste
stabiliza—
tion.
Two
feasible
aerobic
units
that
can
follow
an
an-
aerobic
lagoon
or
can
be
used
separately
to
treat
liquid
manures
are
an
oxidation
pond
and
an
aerated
lagoon.
The
bottom
of
oxidation
ponds
are
sealed
to
prevent
groundwater
pollution
and
to
maintain
proper
water
levels.
Some
seepage
does
occur
even
though
many
ponds
treating
animal
wastes
tend
to
seal
themselves.
The
amount
of
seepage
permitted
by
various
states
ranges
from
0.25
to
0.63
cm/day
(0.1
to
0.25
inches/day).
The
waste
inflow
from
the
confinement
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may
not
be
adequate
to
overcome
permitted
seep-
age
losses.
An
additional
source
of
water
would
be
needed
to
maintain
proper
water
depth.
i
Because
livestock
wastes
are
low
volume,
high
solids
waste,
oxidation
ponds
for
most
animal
manures
could
be
non—overflowing
ponds
which
would
have
distinct
advan-
tages
for
pollution
control.
The
large
land
area
needed
;
and
the
need
for
make—up
water
can
be
disadvantages
and
as
i
a
result,
oxidation
ponds
are
not
likely
to
be
utilized
by
many
livestock
operations
in
the
Great
Lakes.
For
more
liquid
wastes
such
as
milking
parlor,
poultry
processing,
r
milk
processing,
and
duck
wastes,
the
ponds
would
have
an
‘
overflow
which
would
be
required
to
meet
local
or
state
discharge requirements.
As
a
result
of
stabilization
and
treatment
in
oxidation
ponds,
the
animal
waste
characteristics
would
have
beenchanged
considerably.
Many
solids
would
have
been
solubilized
and
the
soluble
constituents
oxidized.
Nitrogen
would
be
in
the_form
of
nitrites
and
nitrates
as
well
as
ammonia
and
organic
nitrogen.
BOD
and
solids
con-
centrations
in
the
effluent
would
be
considerably
lower
than those of the entering wastes.
The solids that ulti-
mately would have to be removed would be well stabilized.
 
The types of aeration systems that have been
used with animal wastes are the aerated lagoon and the
oxidation ditch. The design parameters of these systems
for animal wastes are not as well understood as for other
wastes. However, knowledge is available to adequately
estimate the design of such aerobic units.
Aerobic holding units can eliminate the odors
from anaerobic units and at the same time oxidize a por-
tion of the wastes. A common aerobic holding unit is
the in-house oxidation ditch which is directly below the
cattle, hogs, or poultry. The larger animals are on
slatted floors and the poultry are in cages. The aeration
and mixing results from a horizontally mounted mechanical }
rotor which operated at a fixed speed. This type of a
treatment system is a close approximation of the ideal
microbial waste treatment system, i.e., continuous and
uniform waste loading throughout the unit by the animals,
minimum temperature fluctuation since the building is en- ”
vironmentally controlled for the animals, and good and 1
continuous mixing of the wastes with the microbial life
in the system.
The in—house oxidation ditch offers the advantage of
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inexpensive construction since it is part of the confine—
ment building, minimum odor problems since it is designed
to be aerobic, and fewer handling problems since the wastes
are pushed through the slatted floor to the ditch. A large
number of livestock oxidation ditches are in operation in
the United States. The majority are for swine operations
although some are being utilized for beef cattle and poul—
try operations.
When land disposal of livestock waste occurs, con~
straints on the amount that can be applied to an unit of
land will be related to either the quantity of liquid that
can be absorbed on a routine basis or on the quantity of
nitrogen that can be added without resulting in excess ni—
trogen in the runoff and soil water percolate. Aerobic
liquid waste treatment units such as the oxidation ditch
offer opportunities to control the nitrogen content of
waste by designing and operating the units to achieve con-
trolled nitrification and denitrification. Nitrogen losses
have been observed to occur in oxidation ditches treating
animal wastes. From 50 to 80% of the total Kjeldahl nitro—
gen loading to a ditch treating swine wastes was lost during
treatment (90). Other investigations have observed similar
results. Between 25-30% of the input total nitrogen is
normally lost during the oxidation ditch treatment of live-
stock wastes. Operational procedures to achieve desired
nitrogen losses between 25 and 80% in an oxidation ditch
are under study (91). Nitrification—denitrification has
been identified as the most feasible nitrogen control pro—
cess that can be applied to livestock wastes (92).
Experience with aerobic treatment units for animal
wastes has shown that these processes can have high BOD re-
moval efficiencies. The BOD in the effluent from the units
is almost entirely due to the oxygen demand of the solids
in the effluent and to nitrification. The resultant effluent
will still have a significant residual total BOD and is more
suitable for land disposal than for disposal to a receiving
stream.
One of the more interesting challenges is to design
these aerobic systems to meet a specific effluent standard
which is governed by land disposal requirements rather than
by stream criteria. Because land disposal is an integral
part of animal waste systems, conventional solids removal
systems need not follow these aerobic systems.
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8.2.2 Solid Waste Processes
Animal wastes
are defecated in a semi—solid form and
there is considerable
logic in treating and disposing of
these wastes as a semi—solid or solid material rather than
adding water for handling and treatment or disposal.
The
addition of water requires the treatment of both the animal
wastes and the contaminated water.
When considering animal
solid waste disposal, it is important to obtain the initial
wastes in as dry a condition as possible to facilitate most
of the possible solid waste disposal methods. This may mean
separation of liquid and solid wastes at the source or hav—
ing natural drying conditions occur.
Drying and composting are feasible with animal wastes.
Poultry waste, because of its lower initial moisture con-
tent, requires less energy to dry than will wastes contain—
ing a higher water content. In-house drying of poultry
wastes by greater air circulation, by the addition of heat,
or by both offers the possibility of least cost drying sys-
tems for these wastes. The success of drying and composting
requires a market or ultimate disposal point for the product.
A significant volume reduction will take place when
livestock wastes are dried or composted. The moisture con-
tent can be decreased to the 40—50% level during composting
and to as low as 20% during drying depending upon the amount
of heat used and the objective of the drying process. Vola-
tile compounds would be lost in both processes. Microbial
reactions in composting will decrease the carbon content as
the wastes are degraded. The nitrogen content would be de-
creased as the ammonia is lost by aeration and the high
temperatures. The resultant product of both processes is
smaller in volume and easier to handle than the initial
livestock wastes.
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units, composting can be accomplished in 5 to 7 days, while
in open windrows, it may take 1 or 2 months to produce sa-
tisfactory compost. The major objectives in composting are
to stabilize putrescible organic matter, to conserve as
much crop nutrients and organic matter as possible, and to
produce a uniform, relatively dry product suitable for use
as a soil conditioner and garden supplement.
Composting has been technically successful with poul-
try, beef, and dairy cattle wastes. Economically, the
process has not been as successful. A suitable market must
be available before composting can be attractive as a method
for the disposal of agricultural solid wastes. Without a
suitable market most of the original dry matter remains for
further disposal. Composting can be feasible for specific
animal production units and in unique regional situations.
As yet, it is not a process that can adequately dispose of
the volume of animal wastes generated at livestock operations.
Composting can be considered as a possible process to
be used prior to land disposal of livestock wastes. However,
the costs of the operation as well as the technical and
personnel needs do not make composting attractive as a pre-
treatment process prior to land disposal.
The fundamentals of drying or dehydration involve the
addition of heat and/or air and mixing of the waste. Drying
of poultry manure directly in the poultry house by increasing
ambient air movement has been investigated and found to be
a feasible process prior either to land disposal or to fur-
ther drying in commercial units for re—feeding or other end-
product uses. Commercial driers are available and have been
used with a number of animal wastes; The gaseous effluent
from the high temperature drying can be a source of odors
and nuisance complaints. Satisfactory after-burners or
other air pollution control equipment may be necessary.
Drying and dehydration are not disposal processes in
themselves but are used to produce an end product suitable
for satisfactory disposal either as a soil conditioner or
for re—feeding to reuse a portion of the remaining nutrient
value. The marketing potential of dehydrated animal wastes E
is unknown. Without a suitable market, high temperature
drying is unlikely to be competitive with other treatment
and disposal methods.
Incineration offers the possibility of disposing of a
considerable fraction of animal wastes by combustion. It
is not a total disposal method since about 10 to 30% of the
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initial
waste
weight
will
remain
as
ash.
Incineration
is
one
of
the
more
expensive
proeesses
that
can
be
used
with
animal
wastes,
especially
since
the
incinerators
normally
require
air
pollution
control
units
to
handle
the
gaseous
and
particulate
material
in
the
exhaust
gases.
As
a
re-
sult,
incineration
has
not
been
applied
to
livestock
wastes
on any large scale.
8.2.3 Recycle and Reuse
A hydraulic manure-transport system utilizing recir-
culated treated effluent has been developed for swine
wastes (93) and has been evaluated at a 700 head opera—
tion. The manure is flushed hourly to an anaerobic lagoon.
The lagoon effluent is pumped back to the swine building
and reused for flushing the gutters. The lagoon liquefies
the manure and eliminates hauling and land application of
solid manure. Sprinkler irrigation was used to control the
lagoon level and dispose of excess liquid. The lagoon
volume had sufficient volume to store excess liquid during
periods when land disposal was not feasible. The result
is a closed recycle system with minimum labor and no water
pollution. Approximately three acres of cropland were re-
quired for the disposal by irrigation.
Livestock wastes contain metabolizable energy and nu—
trients. A number of studies have shown that wastes from
livestock can be incorporated into feed rations for other
animals without adversely affecting animal growth or health.
The use of wastelage, cattle manure which has been removed
daily, blended with hay, and stored as silage before use,
has shown promise as a portion of animal feed (94). Dried
poultry wastes successfully can be used as part of the feed
rations for poultry (95, 96) with optimum values being about
10—15% of the ration. Experiments feeding the mixed liquor
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n o
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indicated the possibility of such an approach (97). The
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8.3 Land Disposal Technology
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Each soil will have a maximum capacity to assimilate
wastes and renovate wastewaters. The soil waste assimila—
tive capacity is related to the characteristics of the
soil, crops to be grown, environmental conditions, char—
acteristics of the wastes, and to the microbial, chemical,
and physical reactions that take place in the soil. Dimen-
sionally, the units of the soil waste assimilative capacity
should be the quantity of a critical waste parameter applied
per unit volume of soil infiltrated. Examples could be
gallons of wastewater or pounds of nitrogen applied per
cubic foot or per foot of soil depth per unit time. At a
minimum, the soil waste assimilative capacity and hence the
soil loading rate should be stated in terms of the quantity
of waste applied per unit time per unit surface area.
Current waste application rates are in terms of tons
of wet manure or inches of liquid per unit time. While
these rates may provide information on operating disposal
rates, they provide little understanding of the fundamental,
controlling parameters. In addition, investigations on
the land disposal of wastes rarely are comprehensive enough
to permit adequate correlation between land disposal rates
and subsequent runoff and groundwater pollution problems.
Some information on land application rates of manures
has been presented in Section 4 - Surface and Groundwater
Contamination. Additional information on land disposal of
livestock wastes, site location of livestock operations and
was
te
dis
pos
al,
and
on
sug
ges
ted
gui
del
ine
s i
s
pre
sen
ted
in this Section. No attempt will be made to discuss the
equ
ipm
ent
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the
lan
d d
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l o
f w
ast
es.
8.3.1 Manure Disposal
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operations.
The preferred method for reducing the pollu-
tion potential from such disposal is to incorporate
the
wastes with the soil as soon as possible after disposal.
Wastes applied by irrigation cannot be incorporated into
the soil immediately because of wet conditions.
The sur—
face application methods include tank spreaders and various
liquid irrigation systems.
The soil injection systems are
the best pollution control systems since the waste is
immediately incorporated in the soil, virtually eliminating
the possibility of polluted runoff.
The maximum or best rates of livestock manure
disposal
on land have not yet been established.
A single nationwide
or statewide recommended rate is not reasonable because the
best
rates
will
be
location
specific,
depending
upon
soil
type and properties which can vary widely.
The livestock
wastes
should be added to a soil at a rate that the growing
crop can utilize the nutrients in the wastes.
The suitable
rate of manure application is determined by the ability of
the
soil-crop
combination
to
immobolize
and
utilize
the
nutrients
in the manure.
The greater the crop requirements
for
the
plant
nutrients,
the
greater
the
amount
of
manure
that can be applied.
Nitrogen is the nutrient of greatest
concern from the potential pollution standpoint since it is
soluble as nitrate and readily moved in runoff and leachate.
Most agricultural soils have a large capacity to hold phos-
phorus.
If
large
additions
of
nitrogen
are
not
balanced
by
incorporation
into
growing
crops,
by
denitrification
losses,
or
by
ammonia
volatilization
losses,
the
soluble
nitrogen
concentration
in
leachate
and
runoff
will
increase.
Many
of
the
studies
investigating
the
land
disposal
of
livestock
wastes
have
evaluated
the
effect
of
manures
on
crop
yield
and
have
identified
disposal
rates
that
did
not
result
in
crop
inhibition
or
decreased
yields.
Information
relating
disposal
rates
to
water
pollution
problems
rarely
are
part
of
such
studies
and
interpretation
of
the
results
in
terms
of
potential
or
actual
water
pollution
problems
is
difficult.
Intermittent
waste
applications
preserve
the
effective-
ness
of
the
soil
to
assimilate
the
wastes.
Too
frequent
or
too
heavy
a
waste
application
can
decrease
the
rate
of
in-
filtration
and
the
oxygen
input
to
the
soil.
For
best
results,
concentrated
organic
wastes
such
as
manures
should
be
injected
directly
into
the
soil
as
soon
as
possible
by
discing or plowing.
Poultry
manure
and
broiler
litter
have
been
applied
to
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d
t
o
t
h
e
s
o
i
l
a
t
r
a
t
e
s
e
x
c
e
e
d
i
n
g
2
2
m
e
t
r
i
c
t
o
n
s
/
h
e
c
t
a
r
e
(
1
0
t
o
n
s
/
a
c
r
e
)
a
n
n
u
a
l
l
y
,
p
r
o
b
l
e
m
s
o
f
e
x
c
e
s
s
s
a
l
t
s
a
n
d
a
c
h
e
m
-
i
c
a
l
i
m
b
a
l
a
n
c
e
h
a
v
e
o
c
c
u
r
r
e
d
i
n
t
h
e
s
o
i
l
a
n
d
p
r
o
b
l
e
m
s
o
f
n
i
t
r
a
t
e
t
o
x
i
c
i
t
y
a
n
d
g
r
a
s
s
t
e
t
a
n
y
h
a
v
e
o
c
c
u
r
r
e
d
i
n
t
h
e
g
r
a
s
s
p
a
s
t
u
r
e
(99).
A
s
a
c
o
n
s
e
q
u
e
n
c
e
o
f
t
h
e
s
e
p
o
t
e
n
t
i
a
l
h
e
a
l
t
h
p
r
o
b
l
e
m
s
,
b
r
o
i
l
e
r
l
i
t
t
e
r
d
i
s
p
o
s
a
l
r
a
t
e
s
g
r
e
a
t
e
r
t
h
a
n
9
m
e
t
r
i
c
t
o
n
s
/
h
e
c
t
a
r
e
/
y
e
a
r
(4
t
o
n
s
/
a
c
r
e
/
y
e
a
r
)
a
r
e
n
o
t
r
e
c
o
m
m
e
n
d
e
d
o
n
f
e
s
c
u
e
p
a
s
t
u
r
e
s
y
s
t
e
m
s
(
1
0
0
)
.
T
h
e
p
l
o
w
—
f
u
r
r
o
w
—
c
o
v
e
r
m
e
t
h
o
d
w
a
s
u
s
e
d
to
c
o
m
p
a
r
e
t
h
e
d
i
s
p
o
s
a
l
o
f
p
o
u
l
t
r
y
m
a
n
u
r
e
a
t
r
a
t
e
s
o
f
0
t
o
100
m
e
t
r
i
c
t
o
n
s
per
hectare
(0
to
45
tons/acre)
(101).
The
tests
were
on
a
loamy
soil
with
a
clay
content
of
15
to
33%.
Soil
and
soil
water
analysis
indicated
that
potassium,
magnesium,
and
sodium
were
mobile
and
moved
downward
through
the
soil.
The
soil
did
not
have
a
cover
crop
in
these
experiments.
Ammonia
nitrogen
existed
in
the
soil
during
the
winter
but
generally
was
oxidized
to
nitrate
nitrogen
in
the
warmer
months.
Nitrate
nitrogen
in
the
soil
was
in
low
concen-
tration
shortly
after
manure
application
but
increased
to
high
concentrations
in
the
manure
application
zone.
Nitrate
nitrogen
concentrations
as
high
as
700
mg/l
were
found
in
the
soil
water.
With
time
and
rainfall,
the
nitrate
nitro—
gen
was
distributed
throughout
the
soil
profile
and
by
the
end
of
the
experiment
had
leached
below
the
lowest
sampling
point.
Only
very
small
amounts
of
phosphate
were
found
in
the
soil
water.
Chloride
and
sulfate
ions
were
found
in
the
soil
water
at
all
depths.
It was
concluded
that
the
disposal
of poultry
manure
in these
soils
should
be
less
than
34 metric
tons/hectare
(15 tons/acre)
of
dry
material
‘
because
of
nutrient
contamination
of
the
soil
water.
1
In Kansas, maximum yields of irrigated corn silage
occurred at beef cattle manure application rates of between
5
225 and 290 metric tons/hectare (100 and 130 tons/acre)(40).
;
Larger applications depressed yields due to accumulation of
:
soluble salts in the soil. Potentially toxic accumulations
g
of ammonium ion were found in the surface 30 centimeters
(12 inches) of soil. Continued accumulations of large
amounts of salts appeared to threaten infiltration and wa-
ter movement in the soil profile. The irrigation runoff
from the waste disposal plots contained COD concentrations
of 10-80 mg/l, nitrogen about 15 mg/l, and phosphorus about
1 mg/l (102). Stormwater runoff from these plots had TOD
concentrations of 150 to 400 mg/l, nitrogen concentrations
of 10 to 40 mg/l and, phosphorus concentrations of 1 to 3
mg/l.
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An
ae
ro
bi
c
li
ve
St
oc
k
la
go
on
ef
fl
ue
nt
wa
s
di
sp
os
ed
of
on
gr
as
s
co
ve
re
d
so
il
an
d
re
su
lt
ed
in
CO
D,
ph
os
ph
or
us
,
an
d
ni
tr
og
en
re
du
ct
io
ns
of
95
%,
99
%,
an
d
80
%
re
sp
ec
ti
ve
ly
du
r-
in
g
th
e
su
mm
er
in
Io
wa
(1
03
).
Th
e
lo
ad
in
g
ra
te
s
ra
ng
ed
fr
om
33
to
76
ce
nt
im
et
er
s
(1
3
to
30
in
ch
es
)
of
la
go
on
ef
fl
ue
nt
.
In
su
ff
ic
ie
nt
da
ta
wa
s
pr
es
en
te
d
in
th
e
ar
ti
cl
e
to
de
ve
lo
p
ap
pl
ic
at
io
n
ra
te
s
in
te
rm
s
of
th
e
am
ou
nt
of
a
po
te
nt
ia
l
co
nt
am
in
an
t
pe
r
un
it
ar
ea
of
la
nd
.
Th
e
re
du
ct
io
ns
we
re
de
te
rm
in
ed
ba
se
d
up
on
sa
mp
le
s
of
th
e
so
il
pe
rc
ol
at
e
at
de
pt
hs
fr
om
7.
6
to
76
ce
nt
im
et
er
s
(3
to
30
in
ch
es
).
Th
e
am
ou
nt
of
ni
tr
og
en
th
at
ca
n
be
ut
il
iz
ed
by
a
cr
op
pl
ac
es
a
li
mi
t
on
th
e
qu
an
ti
ty
of
wa
st
es
th
at
ca
n
be
ap
-
pl
ie
d
to
a
gi
ve
n
so
il
.
Th
e
qu
an
ti
ty
of
wa
st
es
to
be
ap
pl
ie
d
ca
n
be
in
cr
ea
se
d
if
th
e
ex
ce
ss
ox
id
iz
ed
ni
tr
og
en
th
at
is
pr
od
uc
ed
we
re
de
ni
tr
if
ie
d
in
th
e
so
il
.
An
en
gi
ne
er
ed
so
il
sy
st
em
to
re
mo
ve
th
e
ex
ce
ss
ni
tr
og
en
,
ph
os
ph
or
us
,
an
d
as
su
re
th
e
de
co
mp
os
it
io
n
of
or
ga
ni
c
ma
tt
er
ha
s
be
en
de
ve
lo
pe
d
(1
04
).
Kn
ow
n
as
th
e
ba
rr
ie
re
d
la
nd
sc
ap
e
wa
te
r
re
no
va
ti
on
sy
st
em
(B
LW
RS
),
th
e
sy
st
em
co
ns
is
ts
of
a
mo
un
d
of
so
il
un
de
rl
ai
n
by
a
ba
rr
ie
r
im
pe
rv
io
us
to
wa
te
r.
Th
e
ba
rr
ie
r
ex
te
nd
s
be
-
yo
nd
th
e
mo
un
d
un
de
r t
he
le
ve
l
so
il
at
th
e
ed
ge
s.
A
th
in
be
d
of
li
me
st
on
e
or
sl
ag
ma
y
be
pl
ac
ed
on
th
e
to
p
of
th
e
mo
un
d
an
d
th
e
wa
st
es
ar
e
sp
re
ad
ov
er
th
e
to
p
of
th
e
mo
un
d.
As
th
e
wa
te
r
pe
rc
ol
at
es
th
ro
ug
h
th
e
mo
un
d,
th
e
or
ga
ni
c
pa
r-
ti
cl
es
ar
e
fi
lt
er
ed
ou
t
an
d
de
co
mp
os
e.
Th
e
fi
lt
er
be
d
an
d
th
e
so
il
re
mo
ve
th
e
ma
jo
r
po
rt
io
n
of
th
e
ph
os
ph
at
e.
Th
e
so
lu
bl
e
or
ga
ni
cs
an
d
in
or
ga
ni
cs
mo
ve
in
to
th
e
ae
ro
bi
c
so
il
zo
ne
wh
er
e
th
e
am
mo
ni
um
io
ns
ar
e
he
ld
in
th
e
ex
ch
an
ge
co
m—
pl
ex
of
th
e
so
il
un
ti
l
th
ey
ar
e
ni
tr
if
ie
d.
Mo
st
of
th
e
so
lu
bl
e
or
ga
ni
c
ma
tt
er
is
ox
id
iz
ed
in
th
e
ae
ro
bi
c
so
il
.
Th
e
dow
nwa
rd
mov
eme
nt
of
the
nit
rat
es
is
sto
ppe
d
by
the
bar
rie
r
an
d
fo
rc
ed
to
mo
ve
la
te
ra
ll
y
th
ro
ug
h
th
e
an
ae
ro
bi
c
so
il
pe
rc
he
d
on
th
e
ba
rr
ie
r.
In
th
e
an
ae
ro
bi
c
zo
ne
,
de
ni
tr
if
ic
a-
ti
on
oc
cu
rs
.
Ca
rb
on
so
ur
ce
s
ca
n
be
ad
de
d
to
th
e
de
ni
tr
if
i—
ca
ti
on
zo
ne
,
if
ne
ed
ed
,
in
th
e
fo
rm
of
in
ex
pe
ns
iv
e
or
ga
ni
c
ma
tt
er
su
ch
as
gr
ai
ns
.
Th
e
re
no
va
te
d
wa
te
r
mo
ve
s
fr
om
th
e
ed
ge
s
of
th
e
ba
rr
ie
r
in
to
th
e
ad
ja
ce
nt
so
il
.
Th
is
ba
rr
ie
re
d
la
nd
sc
ap
e
wa
te
r
re
no
va
ti
on
sy
st
em
ha
s
be
en
us
ed
wi
th
sw
in
e
wa
st
es
.
Th
e
re
no
va
te
d
wa
te
r
ha
s
be
en
sho
wn
to
con
tai
n
les
s
tha
n
2 m
g/l
of
nit
rog
en
and
0.0
7
mg/
l
of
ph
os
ph
at
e
wh
ic
h
am
ou
nt
ed
to
99
.5
%
ni
tr
og
en
re
mo
va
l
an
d
99
.8
%
ph
os
ph
at
e
re
mo
va
l
(10
4).
Th
e
lo
ng
te
rm
ev
al
ua
ti
on
of
th
is
sy
st
em
is
ne
ed
ed
to
as
se
ss
it
s
ac
tu
al
po
te
nt
ia
l
fo
r
livestock operations.
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8.3.2 Liquid Waste Disposal
Liquid
livestock wastes,
such
as
from
runoff
retention
basins,
oxidation
ditch mixed
liquor,
or
diluted manure
slurries
can
be
applied
to
the
land
using
liquid waste
irri-
gation systems.
Ridge and furrow irrigation, spray irriga-
tion, and overland flow irrigation can be considered for
these liquid wastes.
With the ridge and furrow
method,
liquid wastes are discharged into furrows and into the soil.
Spray irrigation is the controlled spraying of liquid on
the land. Lightweight metal or plastic pipes are used to
transfer the liquid wastes to the disposal field. Overland
flow irrigation is the controlled discharge of the liquid
on the land with the liquid flowing downslope over the land
surface.
Highly dilute wastes are required for these systems.
Agricultural wastes applied in this manner have been food
processing plant wastes, milk plant wastes, and similar li—
quid wastes. No references could be found to indicate the
use of these methods with treated or untreated livestock
wastes. However, when good land management and waste dis-
posal guidelines are practiced, these methods have a poten-
tial use with certain types of dilute livestock wastes.
Where liquid livestock wastes are disposed of by irri-
gation, care must be taken to avoid subsequent runoff from
the disposal areas. Tail water retention ponds can be used
to avoid such possibilities. Application rates which do not
result in subsequent runoff are the preferred way to avoid
surface water pollution.
Although the disposal of liquid, untreated livestock
wastes by irrigation is a possibility, it may not be the
most desirable disposal method in the humid Great Lakes
sta
tes
whe
re
the
re
is
ade
qua
te
pre
cip
ita
tio
n a
nd
whe
re
odo
r
pro
ble
ms
are
of
con
cer
n.
Dir
ect
lan
d a
ppl
ica
tio
n o
f l
ive
—
sto
ck
was
tes
and
rap
id
inc
orp
ora
tio
n i
nto
the
soi
l i
s a
mor
e
sui
tab
le
way
to
dis
pos
e
of
the
se
was
tes
on
the
lan
d.
8.
4
Ma
na
ge
me
nt
Co
ns
id
er
at
io
ns
So
il
er
od
ed
fr
om
la
nd
us
ed
fo
r
th
e
di
sp
os
al
of
li
ve
—
st
oc
k
wa
st
es
wi
ll
ca
rr
y
a
po
rt
io
n
of
th
e
nu
tr
ie
nt
s,
or
ga
ni
c
ma
tt
er
,
an
d
ba
ct
er
ia
th
at
we
re
in
th
es
e
Wa
st
es
..
Pr
op
er
er
os
io
n
co
nt
ro
l
ca
n
re
du
ce
th
e
am
ou
nt
of
co
nt
am
in
an
ts
en
—
te
ri
ng
su
rf
ac
e
wa
te
rs
fr
om
th
e
la
nd
s.
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Soil erosion and contaminant yield is a function of
rainfall, soil characteristics, land slope length, steep-
ness, and cropping practices.
While little can be done to
change the amount,
distribution and intensity of rainfall,
measures can be taken to reduce the ability of rainfall to
cause erosion.
Examples include decreasing the amount and
velocity of overland flow and decreasing the impact of the
rain on the soil.
Both flow and impact can be reduced by
maintaining vegetative cover on the land.
The incorporation of crop residue and animal wastes in
the soil increases soll porosity and aggregation and de-
creases runoff.
Studies in the northeast
(48) have indica—
ted that continuous
corn grown with mineral
fertilizer but
without manure additions resulted in increased soil loss
and surface runoff.
The incorporation of crop residues and
manure in the soil increased water infiltration and reduced
surface losses of water and erosional
losses of nutrients.
Slowing runoff by vegetative cover and land modifica-
tions
(terraces and strip crops)
offers opportunities
to
provide greater infiltration time,
conserve moisture, and
decrease erosion.
Practices to conserve soil and water
also reduce the pollutants
in agricultural runoff.
These
practices include:
— minimum tillage on slopes
- use of terracing, strip cropping, con-
touring, and diversions
- early growth of crops
- sod crops in rotation
- avoid bare land surfaces
- spread manure on growing crops or
stubble rather than on bare fields
- avoid application of manures on slopes
capable of rapid runoff
- apply livestock wastes on the land uni-
formly and in accordance with crop
requirements
A combination
of
livestock
waste
treatment-management—
disposal methods are available for confined livestock pro—
116
  
duction operations.
Where
livestock are produced on pas—
ture or range, good management is the most appropriate
approach to avoid water pollution due to runoff.
In the
February
14, 1974 regulations for the feedlot industry,
a feedlot was defined as a livestock operation where crop
or forage growth or production is not sustained. With
dispersed livestock operations, such as those on pasture,
the discussions to the regulations note that "the combined
effect of soil and vegetative assimilation of manure and
the lower rate of manure deposition per unit area could
reasonably be expected to preclude any significant pollu-
tion problem". This statement infers that range or pasture
livestock operations are not causes of significant water
pollution. Data to confirm or refute this statement is
scarce. Under all circumstances, including pasture opera-
tions, it is advisable to apply the best pollution control
management options.
In range or pasture livestock production, manure is
deposited directly on the land by grazing animals. Even
though a relatively large land area may be available to
pastured animals, they tend to concentrate around resting,
watering, and feeding sites. Good drainage around these
sites is desirable. Streams in the pasture or range land
also offer an opportunity for direct deposition of live-
stock wastes in surface waters.
The good practice approaches which will minimize water
pollution from pasture and range have been identified (5)
as:
— maintain an adequate land-livestock ratio;
avoid concentrations of animals that will
create holding rather than grazing areas
- m
ain
tai
n
a p
rod
uct
ive
for
age
on
the
pas
-
tu
re
la
nd
to
re
ta
rd
ru
no
ff
,
en
tr
ap
an
im
al
wastes, and utilize nutrients
—
pl
an
a
st
oc
ki
ng
de
ns
it
y
an
d
ro
ta
ti
on
sy
s—
te
m
of
gr
az
in
g
to
pr
es
en
t
ov
er
gr
az
in
g
an
d
erosion
-
lo
ca
te
fe
ed
er
s
an
d
wa
te
re
rs
at
a
re
as
on
ab
le
di
st
an
ce
fr
om
st
re
am
s;
mo
ve
th
em
of
te
n
en
ou
gh
to
av
oi
d
cr
ea
ti
ng
er
od
ab
le
pa
th
s
by
the livestock
ll7
  
      
-
p
r
o
v
i
d
e
a
s
u
f
f
i
c
i
e
n
t
land
a
b
s
o
r
p
t
i
o
n
area
d
o
w
n
s
l
o
p
e
f
r
o
m
f
e
e
d
i
n
g
and
w
a
t
e
r
i
n
g
sites,
p
r
e
f
e
r
a
b
l
y
w
i
t
h
a
f
i
l
t
e
r
s
t
r
i
p
of
f
o
r
a
g
e
b
e
t
w
e
e
n
s
u
c
h
s
i
t
e
s
a
n
d
s
t
r
e
a
m
s
-
p
r
o
v
i
d
e
l
i
m
i
t
e
d
a
c
c
e
s
s
to
s
t
r
e
a
m
s
a
n
d
ponds;
p
um
p
w
a
t
e
r
to
the
a
n
i
m
a
l
s
wh
e
r
e
c
o
n
c
e
n
t
r
a
t
i
o
n
of
a
n
i
m
a
l
s
o
r
c
h
a
r
a
c
t
e
r
i
s
-
tics
of
the
land
p
r
e
s
e
n
t
p
o
t
e
n
t
i
a
l
p
o
l
l
u-
tion problems.
T
h
e
p
o
l
l
u
t
i
o
n
p
o
t
e
n
t
i
a
l
f
r
o
m
w
a
s
t
e
s
o
f
l
i
v
e
s
t
o
c
k
o
n
p
a
s
t
u
r
e
i
n
c
r
e
a
s
e
s
if
t
h
e
l
a
n
d
t
o
p
o
g
r
a
p
h
y
f
a
v
o
r
s
a
h
i
g
h
r
a
t
e
o
f
r
u
n
o
f
f
o
r
if
g
r
a
z
i
n
g
p
a
t
t
e
r
n
s
a
r
e
s
u
c
h
t
h
a
t
w
a
s
t
e
s
a
c
c
u
-
m
u
l
a
t
e
i
n
a
r
e
a
s
n
e
a
r
s
u
r
f
a
c
e
w
a
t
e
r
s
.
L
i
m
i
t
e
d
d
a
t
a
a
r
e
a
v
a
i
l
a
b
l
e
o
n
t
h
e
a
c
t
u
a
l
i
m
p
a
c
t
o
f
l
i
v
e
s
t
o
c
k
w
a
s
t
e
s
o
n
s
t
r
e
a
m
w
a
t
e
r
q
u
a
l
i
t
y
in
g
r
a
s
s
l
a
n
d
o
r
p
a
s
t
u
r
e
.
T
h
e
w
a
t
e
r
p
o
l
l
u
t
i
o
n
p
o
t
e
n
t
i
a
l
f
r
o
m
a
n
i
m
a
l
s
g
r
a
z
i
n
g
i
n
p
a
s
t
u
r
e
s
a
n
d
g
r
a
s
s
l
a
n
d
s
h
a
s
b
e
e
n
n
o
t
e
d
i
n
S
e
c
t
i
o
n
4
a
n
d
s
h
o
u
l
d
b
e
m
i
n
i
m
a
l
u
n
d
e
r
g
o
o
d
r
a
n
g
e
m
a
n
a
g
e
m
e
n
t
p
r
a
c
t
i
c
e
s
a
n
d
c
l
o
s
e
t
o
"
b
a
c
k
g
r
o
u
n
d
"
o
r
"
n
a
t
u
r
a
l
"
l
e
v
e
l
s
.
S
i
t
e
s
e
l
e
c
t
i
o
n
is
an
i
m
p
o
r
t
a
n
t
f
a
c
t
o
r
i
n
c
o
n
t
r
o
l
l
i
n
g
p
o
l
l
u
t
i
o
n
p
r
o
b
l
e
m
s
f
r
o
m
l
i
v
e
s
t
o
c
k
o
p
e
r
a
t
i
o
n
s
.
A
s
i
t
e
s
h
o
u
l
d
b
e
s
e
l
e
c
t
e
d
w
h
i
c
h
w
i
l
l
m
i
n
i
m
i
z
e
w
a
t
e
r
p
o
l
l
u
t
i
o
n
a
n
d
b
e
a
d
a
p
t
-
a
b
l
e
to
n
e
c
e
s
s
a
r
y
c
o
n
t
r
o
l
s
.
A
s
u
c
c
i
n
c
t
s
u
m
m
a
r
y
o
f
t
h
e
b
a
s
i
c
f
a
c
t
o
r
s
to
c
o
n
s
i
d
e
r
in
l
o
c
a
t
i
n
g
a
b
e
e
f
c
a
t
t
l
e
f
e
e
d
l
o
t
is
a
v
a
i
l
a
b
l
e
(105).
A
l
t
h
o
u
g
h
t
h
i
s
r
e
p
o
r
t
w
a
s
p
r
e
p
a
r
e
d
f
o
r
c
a
t
t
l
e
f
e
e
d
l
o
t
s
,
t
h
e
b
a
s
i
c
c
o
n
c
e
p
t
s
a
r
e
a
p
p
l
i
c
a
b
l
e
t
o
a
n
y
l
i
v
e
s
t
o
c
k
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 Some
of
the
projects
were
completed
by
the
time
of
this
report.
Results
based
upon
project
completion
reports
and
published
articles
from
a
few
of
those
projects
appear
in
this Section.
Over
60
percent
of
the
projects
dealt
with
some
aspect
of
waste
treatment,
primarily
liquid
waste
treatment
by
oxidation
ditches,
aerated
and
anaerobic
lagoons,
and
com-
parable
processes.
No
project
had
as
its
objective
the
treatment
of
livestock
wastes
for
discharge
to
streams.
Land
disposal
was
considered
as
the
disposal
site
in
these
projects.
These
projects
investigated
liquid
waste
treat-
ment
as
a
method
to
control
odors,
to
reduce
the
pollution
potential
prior
to
land
disposal,
and
to
facilitate
overall
waste
handling
and
management
in
the
livestock
operation.
Runoff
control
and
management
projects
were
only
a
small
proportion
of
total
number
of
projects,
about
5%.
Project
areas
with
at
least
10%
of
the
projects
included
land
disposal
of
livestock
wastes,
livestock
wastes
as
a
feed
supplement,
and
utilization
methods
for
the
wastes
other
than
land
disposal.
Only
one project
existed
in
the
following
areas:
pyrolysis,
methane
production,
and
patho-
gen survival.
The majority of the research was being conducted at
Universities and USDA field stations.
Only a few of the
NRP's and abstracts provided more than cursory information
on the progress of the projects. No evaluation of the
project results could be obtained.
Only one or two projects appeared to develop informa-
tion that ultimately wouldrelate waste management tech-
nology to land disposal and subsequent unit runoff rates.
The projects appeared adequate to determine the technolo—
gical feasibility of the processes being evaluated. Few
projects indicated that adequate economic data also was
being obtained so that the economic feasibility also could
be assessed.
The projects appeared to be the result of individuals
within a single discipline although a few had objectives
that appeared to be comprehensive and had interdisc1plinary
possibilities.
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Section 9
NEED FOR ADDITIONAL ACTIVITIES
9.1 Summary
The specific role of animal wastes and intensive ani-
mal feedlots as they affect the water quality of the Great
Lakes remains unclear. On the land tributary to the Great
Lakes, animal production exists as a part of a combined
crop-livestock production system and land is available for
the disposal of livestock wastes. Based upon available
information, there are relatively few livestock operations
that can be classified broadly as an intensive animal feed-
lot in terms used in the Environmental Protection Agency
regulations, i.e., an area where livestock are fed "at the
place of confinement and crop or forage growth or produc-
tion is not sustained in the area of confinement".
In the Great Lakes Basin there are about 130,000 live*
stock operations with sales of at least $2500 per year and
an even larger number if smaller operations were to be in-
cluded. In comparison, there are approximately 190 beef
cattle feedlots having a capacity of 1000 head or greater
in all of the states adjacent to the U.S. portion of the
Basin. There is no readily available data on the numbers
of the livestock operations that fall within those required
to obtain NPDES permits, i.e., 700 dairy cattle, 2500 swine,
10,000 sheep, 55,000 turkeys, 5,000 ducks, or poultry oper-
ations using liquid systems; however the numbers of such
large operations in the Basin should be extremely small.
Thus, water quality problems in the Basin due to intensive
animal feedlots do not appear significant.
Where such intensive animal feedlots are located, the
potential for surface water pollution due to runoff can
exist. Technology is available to minimize such pollution
and should be utilized. The EPA rules and regulations for
feedlot point source pollution problems should provide the
necessary control of runoff from livestock operations that
are intensive animal feedlots and from operations which
have components which approach feedlot conditions, i.e.,
barnlots and manure storage areas.
A narrower, arbitrary definition of an intensive ani-
mal feedlot was used in this report to locate the large
livestock operations in the Basin: cattle — 100 or more
head, hogs or pigs - 200 or more capacity, and poultry -
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 10,000 or more birds.
Available data did not permit sep-
arate identification of beef and dairy cattle operations.
The
location of such large operations has been noted in
Section 3, Figures l—4. The large livestock operations
are in the same areas where most of the livestock are pro-
duced, i.e., southern Wisconsin, southern Michigan, western
Ohio, and northern New York.
The major drainage from land containing livestock
operations enters Lake Michigan from Wisconsin and south—
western Michigan and the western end of Lake Erie from
Ohio. About 50% of the dairy cattle and about 56% of the
hogs and pigs in the Basin are in the Lake Michigan drain-
age basin.
Few livestock operations are in the Lake Superior
drainage basin. Because of the small amount of land in
Illinois and Indiana that is tributary to Lake Michigan
or Lake Erie, animal production operations in these states
are not major contributors of potential pollution in the
Great Lakes Basin.
The less intensive animal production operations will
continue to produce most of the livestock in the Great Lakes
Basin in the forseeable future. The distribution of live-
stock production in the Basin, as identified in Section 3
and the Appendix, will remain the same unless there are
severe alterations in feed or energy supplies. Other gen—
eral trends will continue such as the trends to fewer but
larger livestock operations of all categories, and a con-
tinued increase in cattle, calves, hogs, and pigs in the
Basin and smaller numbers of sheep and lambs.
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Because
of
the
EPA
point
source
feedlot
regulations
and
because
most
livestock
operations
in
the
Basin
are
not
"intensive",
potential
pollution
from
these
operations
will
be
associated
with
land
runoff.
Non-point
sources
of
this
nature
are
characterized
by
their
diffuse
nature
and
their
variability
with
time
and
location.
It
is
difficult
to
collect
samples
of
non-point
discharges,
to
characterize
their
pollutants,
to
monitor
compliance
with
effluent
regu-
lations,
or
to
remove
pollutants
from
such
discharges.
In
addition,
it
is
often
difficult
to
establish
a
direct
causual
relationship
between
many
non-point
source
activities
and
their
impact
on
water
quality
or
to
develop
meaningful
unit
quantitative terms.
The
most
promising
control
option
is
to
identify
the
activity
causing
pollution
and
to
modify
the
activity
in
order
to
reduce
or
eliminate
the
discharge.
Because
of
geographical
variability
of
the
non-point
sources,
control
programs
will
have
to
provide
for
variations
on
a
regional
or local basis.
Pollutants
in
land
runoff
may
be
dissolved
and
carried
by
water
or
may
be
absorbed
and
transported
with
sediment.
Hydrologic
factors
describing
the
movement
of
the
runoff
from
its
source
to
its
discharge
in
a
stream
or
lake
must
be
known
to
predict
the
extent
of
actual
pollution.
The
rates
of
soluble
and
particulate
transport
in
runoff
must
be
considered.
The
mechanisms
of
nutrient
and
sediment
transport
and
deposition
on
land
and
in
waterways
is
known
only
in
general
terms.
Knowledge
of
these
mechanisms
is
not
adequate
to
relate
the
extent
of
these
losses
to
dif-
ferent
waste
or
land
management
situations
nor
is
it
ade—
quate
to
quantify
the
transformations
that
take
place
as
the
pollutants
in
runoff
are
transported
across
intermittent
land
and
in
streams.
Information
on
runoff
pollutant
changes
during
land
and
water
transport
is
essential
to
an
under-
standing
of
the
real
impact
of
agricultural
land
runoff
on
surface
water
quality.
Such
changes
will
be
affected
by
soil
and
land
characteristics,
hydrologic
patterns,
types
and
extent
of
vegetation
on
the
land
between
the
runoff
source
and
its
discharge
to
surface
waters,
waste
management
considerations,
and
the
rates
with
which
the
stream
can
assimilate
the
non-point
contributions.
Literature
exists
on
the
quality
of
runoff
from
live-
stock
operations
and
agricultural
land.
However,
very
few
of
these
studies
directly
relate
the
type
of
operation
or
use
of
land
to
water
quality.
From
a
water
resources
manage-
ment
View,
predictive
methods
must
be
developed
to
relate
the
nature
and
extent
of
pollution
from
non-point
sources
to
actual
water
quality.
A
dispersed
livestock
122
 operation
will contain a number of non—point sources.
Predicting
the
actual
contribution
of pollution
from the
entire
livestock operation or watershed is difficult unless
a comprehensive input-output, mass balance inventory of the
pollutants is available together with reaction rates during
generation, transport,
and deposition in the waters of con—
cern.
At present, potentially useful data are available but
their usefulness is limited by uncertainties imposed by the
physical description of the operation, facility, or water-
shed,
and by a lack of adequate, corrollary information.
Data describing the characteristics of feedlot runoff
and runoff from pasture and land receiving manure is accu—
mulating. A number of current research projects have ac-
quisition of such data as a major portion of their objectives.
However few current studies are comprehensive enough to
describe the runoff in terms of per unit quantitative values
or to relate such values to the operational or management
conditions that caused them. Additional studies permitting
development of per unit quantitative values are needed.
The scarcity and variability of definitive data suggests
extreme caution in attempting to extrapolate the unit quan—
titative values in this report to indicate the potential
pollution from livestock operations and associated land use.
Available values should be best thought of as initial, best
estimates.
When animal wastes are disposed of on land, resultant
runoff can contain a greater quantity of pollutants than
will runoff from crop or forest land. Greater information
is needed on animal waste land application rates that will
not result in subsequent pollution problems. It appears
that if the waste application rates are limited by nitrogen
application rates and if the land is managed to minimize
ero
sio
n,
the
res
ult
ant
runo
ff
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con
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available
in
each
state
to
assist
producers
to
utilize
the
more
appropriate
technical
approaches
for
their
operations.
A
flexible,
intelligent
pollution
control
enforcement
pro—
gram
is
the
program
best
suited
for
animal
production
operations.
If
comprehensive
enforcement
programs,
are
thought
necessary
for
animal
wastes,
additional
financial
and
personnel
support
will
be
needed
at
the
federal
and
state levels.
A
brief
summary
of
the
magnitude
of
water
pollution
problems
due
to
livestock
operations
in
the
Great
Lakes
Basin
and
estimates
of
the
needs
to
minimize
these
problems
is
indicated
in
Table
19.
9.2
Needed
Activities
It
continues
to
be
difficult
to
draw
detailed
conclu-
sions
on
the
potential
impact
of
animal
wastes
and
intensive
animal
feedlots
on
the
water
quality
of
the
Great
Lakes.
Several
actions
are
needed
to
better
define
and
minimize
such impact.
a)
-
Institute
close
scrutiny
on
the
quality
of
the
groundwater
in
and
adjacent
to
confined
livestock
opera—
tions,
land
used
for
waste
disposal,
manure
storage,
and
pasture.
Analysis
of
water
from
existing
wells
may
be
helpful
but
one
or
more
detailed
groundwater
monitoring
programs
in
the
Great
Lakes
Basin
are
desirable.
Sufficient
data
should
be
collected
to
relate
changes
in
groundwater
quality
to
livestock
and
waste
management
conditions
such
as
livestock
density,
waste
application
rates,
and
to
en-
vironmental
conditions
such
as
soil
characteristics,
pre—
cipitation,
and
temperature.
b)
-
Develop
several
comprehensive
surface
runoff
mon—
itoring
programs
which
will
be
able
to
relate
runoff
charac-
teristics
to
land
and
waste
management
conditions.
These
are
desirable
to
quantify
runoff
characteristics
from
confined
livestock
operations
and
pasture
land.
Data
on
physical,
chemical,
bacteriological,
and
hydrologic
charac-
teristics
of
the
runoff
should
be
collected.
Multidiscipli-
nary
involvement
will
be
necessary.
0)
-
Either
as
part
of
(b)
above
or
separately,
studies
should
be
initiated
which
will
quantify
the
changes
that
take
place
in
runoff
contaminants
as
the
runoff
is
trans-
ported
across
land
and
in
streams.
Available
data
generally
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2
5
PROBLEM
Runoff
f
—intensi
(basin
(local)
-barnlot
~land
used
for manure
disposal
—pasture
TABLE
19
 
IDENTIFICATION
OF
WATER
POLLUTION
PROBLEMS
AND
NEEDS
TO
MINIMIZE
THESE
PROBLEMS
FOR
LIVESTOCK
OPERATIONS
IN
THE
GREAT
LAKES
BASIN
PROBLEM OR NEED
rom
ve animal feedlot
wide)
S
Nutrient
load
Bacterial
contamination
Groundwater
contamination
Regulatory,
-enforcement
-legislation
inadequate
NEED
 
Increased
technology
Unit
quantitative
values
Relationships
between
waste
management, land
disposal
and
runoff
quality
Effective
waste
management
guidelines
SUS-
PECTED*
1973
moderate
serious
m
o
d
e
r
a
t
e
moderate
low
moderate
m
o
d
e
r
a
t
e
low
s
e
r
i
o
u
s
low
K
N
O
W
N
l973
moderate
serious
serious
serious
S
U
S
—
1980
l
o
w
moderate
low
moderate
low
moderate
moderate
low
serious
l
o
w
m
o
d
e
r
a
t
e
serious
serious
moderate
I
N
E
V
I
T
-
PECTED***
ABLE**
SUS—
INEVIT-
PECTED***
ABLE**
1980
2020
2020
low
l
o
w
low
low
l
o
w
l
o
w
moderate
low
moderate
low
(
M
(
\
o
(
\
.
(
\
n
 1
2
6
 
TABLE 19 continued
SUS-
PECTED*
1973
SUS-
PECTED***
1980
I
N
E
V
I
T
-
ABLE**
1980
SUS- INEVIT-
PECTED*** ABLE**
2020
2020
KNOWN
NEED
1973
 
Personne
l to as
sure pol
lution
control and to design systems serious serious ?
General public
education
moderate modera
te
0
.
*Because of minimum information about specific problems in the Great Lakes Basin,
magnitude of the problems are not known and can only be suspected.
the suspected severity is noted.
the
The estimate of
**The term inevitable is not applicable to this estimate since it is likely that some
level of a noted problem will always occur. Complete elimination of one of the
problems is not likely. The estimated severity of respective problems in the sub-
sequent years is noted.
***The severity in future years is estimated assuming application of only the regula—
tions, guidelines, and research noted in this report.
   
  
characterizes
runoff
as
it
leaves
a
plot
of
land
or
a
live-
stock
operation.
Changes
will
take
place
in
transport
with
the
result
that
different
quantities
of
pollutants
will
reach
the
ultimate
surface
water
receptor.
d)
—
In
all
studies
but
especially
those
in
(b)
and
(c)
above,
sufficient
information
should
be
collected
so
that
the
results
can
be
presented
in
quantitative
units
such
as
quantity
of
contaminant
per
unit
land
area
or
a-
mount
of
runoff.
Such
units
should
be
correlated
to
the
land
and waste
management
conditions
that were
a cause
of
the runoff and its contaminants.
e) — Research studies continue to be needed to identi-
fy the initial feasibility of new technological approaches
for livestock waste management.
Federal, state, and pro—
ducer support should be provided for such studies.
The urgent research need is to identify land waste
application rates and techniques that minimize surface and
groundwater pollution problems, and on waste treatment ap—
proaches that minimize the quantity of pollutants that are
disposed of on the land. Such studies should be funded at
the large scale, demonstration project level. Multidisci-
plinary participation is desirable.
All animal waste management projects should provide
information on the economic as well as the technical feas-
ibility of the approaches.
f) - If not available, each state in the Great Lakes
Basin should develop good practice guidelines to advise
producers on approaches to avoid water pollution problems.
g) - No additional legislation appears necessary to
control pollution from livestock operations. NPDES and
SPDES activities should be adequate to identify operations
in need of scrutiny and control. The EPA regulations for
the feedlot point source category appear adequate to con-
trol
sur
fac
e w
ate
r p
oll
uti
on
prob
lems
.
Stat
e e
nfo
rce
men
t
act
ivi
tie
s
for
liv
est
ock
ope
rat
ion
s n
eed
not
be
mor
e s
tri
n-
gent than the federal activities.
A
ne
ed
do
es
ex
is
t
to
de
ve
lo
p
ap
pr
oa
ch
es
to
mi
ni
mi
ze
.
pol
lut
ion
fro
m t
he
non
—po
int
sou
rce
s a
t l
ive
sto
ck
ope
rat
ion
s.
The
res
ear
ch
and
gui
del
ine
s
not
ed
abo
ve
can
be
of
Sig
nif
i-
cant help to meet this need.
h)
—
A
ne
ed
ex
is
ts
to
ed
uc
at
e
th
e
pu
bl
ic
,
li
ve
st
oc
k
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producers,
and
pollution
control
specialists
about
the
magnitude
of
the
problem,
relative
costs,
and
the
avail-
ability
of
feasible
approaches.
More
extensive
support
should
be
provided
for
such
education
and
especially
the
education
of
professionals
trained
in
agricultural
waste
management.
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